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Abstract 
 Mosses are small plants within the phylum Bryophyta known for their ability to grow on 
acidic, metal laden soil.  This project proposes the restoration of moss to barren mine waste areas 
which will stabilize the soil, thus reducing heavy metal contaminants released to the aquifer and 
the surrounding environment.  
 
In general, the mine waste areas can be naturally recolonization by native and non-native 
vegetation as a remediation process.  This process is very slow.  The removal of the mine waste, 
capping and replacing it with clean soil, and subsequently replanting is a common remediation 
method.  However, this approach is very expensive and involves high maintenance.  When a 
responsible party cannot be identified, the sites remain barren.  Consequently, precipitation and 
wind events could transport the contaminants into the environment. 
  
Mosses are known as pioneer plants, it is the first plant to establish in barren and disturbed soil 
areas.  They are reproduced by spores or plant fragments, and do not have roots. Therefore, it 
draws water from the air or soil directly into its leaves.  The propagation of moss and its 
associated organisms accelerate the natural processes that restore damaged areas to normal, 
steady state and biodiverse ecosystems.  The advantages of moss are that, it requires minimum 
amount of water to propagate, low cost and low maintenance and it does not require superior soil 
quality to grow. 
 
Mosses increase the alkalinity of the soil, hence allowing all other plant forms to grow.  They 
create rich soil by building up organic material from their growth.  Moss community organisms 
also fix atmospheric nitrogen into bioavailable nitrogen.  They are not only resistant to metals 
and metalloids, but they also adsorb these toxic substances and eliminate them from the 
surrounding soil.  Ultimately, mosses provide a foundation for natural succession of other plant 
communities to build a stable ecosystem. 
  
The goal of this project is to develop a replicable method to revegetate and restore mine-
impacted areas by the propagation of moss and to study the growth of moss by using different 
hydrophilic polymers and the bacteria Beijerinckia indica (Starkey and De 1939) Derx 1950. 
Experiments on growing moss were done in the culture chamber and at the outdoor heavy metal 
contaminated sites. Heavy metal sequestration by moss was determined by digestion and analysis 
and by the X-ray fluorescence (XRF) handgun. 
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1. Introduction 
This research focuses on developing an easy replicable method to revegetate and restore 
mine-contaminated sites.  The major contaminants at the mine-impacted sites in general are 
heavy metals. These contaminants are continuously being spread to various places by wind and 
rains and by other vectors.  The heavy metal contaminants have a severe negative impact on 
human health.  Moss is known for its ability to sequester heavy metals and help minimize the 
migration of contaminants especially into aquifers.  This research will also study the propagation 
of moss with the help of certain hydrophilic polymers and the bacteria B. indica.  
The mining history in the United States begun in the 19th century (“Mining in the United 
States” 2017).  Coal, metals, and other industrial minerals were among the top commodities that 
were mined. In Butte, the mining history began in 1850’s (“Copper mining in the United States” 
2017). 
During 1864, Butte was first mined for placer gold and by 1882, rich copper was detected 
and seen for its potential to mine.  Eventually, copper became the main commodity to mine in 
Butte.   By 1887, the district of Butte was the leading producer of copper in the United States 
(“Copper mining in the United States” 2017).  Mining industry made a significant contribution to 
the rise of the US economy.  Mining activities involve exploration and removal of minerals from 
the earth (“Pollution issues, mining” 2017).  Mining is essential as the materials that are mined 
are the major sources of energy and are used in day-to-day commodities (“Pollution issues, 
mining” 2017).  In 2015 alone, the total value of mined commodities in the United States was 
approximately 109.6 billion US dollars (“Copper mining in the United States” 2017). 
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Open pit mining is a type of mining that is a surface mining technique for the extraction 
of minerals (“Open-pit mining” 2017).  The methods of extraction in the open pit mining are 
different from the methods that require tunneling into the earth (Wuana et al. 2011).  Open pit 
mining has far more negative environmental impacts as all the contaminants including heavy 
metal contaminants due to the mining activities are exposed directly to the atmosphere.  
Not only do the mining activities cause physical and visual disturbances but the 
environmental impacts have directly affected air, land and water surrounding the mining areas 
(“Pollution issues, mining” 2017).  Mining activities causes the soil to be removed, this results in 
disruption of natural vegetation and release of particulate matter that contains harmful materials 
such as arsenic, cadmium and lead into the atmosphere by wind and road traffic (“Pollution 
issues, mining” 2017).  
The primary causes of water pollution problems associated with mining activities are acid 
mine drainage which is the outflow of acidic water from the mining area to the surrounding 
environment, it leads to metal contamination and increase in sediment levels in water streams 
which results in pollution of the water bodies and affect the natural ecosystem of the water 
(“Pollution issues, mining” 2017).   
Mining activities contribute severely to the decline of wildlife and plant species in the 
area, causing physical disturbance to the land (“Pollution issues, mining” 2017) and leads to the 
suspension of heavy metal contaminants in the soil which have atmospheric exposure and are 
continuously transported to the surrounding areas and into the ground, therefore, contaminating 
the ground water table and the aquifer. 
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1.1. Heavy metals 
The main contaminants of mining activities are heavy metals.  Heavy metals are any 
metal or metalloid element that has a relatively high density ranging from 3.5 to 7 g cm-3 
(Gautam et al. 2015).  Soils may become contaminated by the accumulation of heavy metals 
through the emissions of mining activities (“Open-pit mining” 2017).  Heavy metals commonly 
include Aluminum (Al), Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), 
Magnesium (Mg), Manganese (Mn), Silicon (Si), Iron (Fe), Nickel (Ni) and Zinc (Zn).  These 
metals can enter human body via air, water, and food.  Higher concentrations of these metals 
may cause toxicity and severe health hazards (Gautam et al. 2015). 
The process of natural occurrence of heavy metals in the soil is known as pedogenic 
process.  They are due to the natural processes involving weathering of parent materials at levels 
that are regarded as trace (usually less than 1000 mg kg-1) and are rarely toxic (Pendias et al. 
2001) (Pierzynski et al. 2000).  The other source of occurrence of heavy metals is through 
activities by man known as anthropogenic sources; this includes mining and other industrial 
activities (Pendias et al. 2001) (Pierzynski et al. 2000).  
 
1.2. Remediation 
The mine waste areas can be remediated by rehabilitation of mine dumps or disturbed 
areas by recolonization with native and non-native vegetation.  This process is usually very slow 
and even nonexistent.  The removal of the mine waste contaminated soil, capping and replacing 
it with clean soil, and subsequently replanting of the affected areas is usually necessary.  This 
process involves huge expenditure costs and maintenance.  When a responsible party cannot be 
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identified, the sites remain barren.  Consequently, rains and winds continuously transport the 
heavy metal contaminants to various places.  
The mobility of heavy metals from the contaminated sites is accomplished by several natural 
processes; 1) wind can blow and carry the metal contaminants to surrounding areas, 2) surface 
water runoff can result in carrying metals to surrounding cleaner environment and into the water 
reservoirs, 3) rain water can leach from the ground carrying the metal contaminants and 
contaminate the ground water table and the aquifer (Pepper et al. 2000). 
A process called ecological succession takes place when a disturbance is naturally 
rehabilitated in a slow and progressive manner.  When an area is undisturbed by people, 
revegetation and soil stabilization begin immediately (Munshower 1994).  In the first stage of 
ecological succession, the pioneer or native plants in the area invade (they can invade clonally by 
rhizomes, etc.) and germinate.  Germination of such pioneer plants results in improvement of the 
soil’s environment immediately (Munshower 1994).  Over time, as the soil condition stabilizes, 
seral community stages are initiates.  These stages are also known as the intermediate stages of 
ecological succession, where seral plants being to germinate in the plant community in the 
disturbed site.  Finally, a point is reached which is known by ecologists as the climax community 
where the plant community has reached its maximum stability, hence the completion of 
revegetation and restoration of the disturbed area naturally (Munshower 1994).  Unfortunately, it 
can take a few hundred to couple thousand years to reach climax community (Munshower 1994).  
Mosses are known as pioneer plants since they are the first plants to establish in barren and 
disturbed soil areas.  They reproduce by spores or plant fragments and because they do not have 
roots, and therefore they must draw water from the air or soil directly into their leaves (Raven et 
al. 2005). The propagation of mosses and their associated organisms accelerate the natural 
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processes that restore damaged areas to normal, steady state, and biodiverse ecosystems.  The 
advantages of moss are that, firstly, it does not require a lot of water.  Secondly, it involves low 
expenditure.  Thirdly, it does not require superior quality soil to grow (Raven et al. 2005). 
Mosses improve the quality of the soil where they are growing by increasing the alkalinity of 
the soil, hence allowing all other plant forms to grow.  They create rich soil by building up 
organic material from their growth.  Moss community microorganisms also fix atmospheric 
nitrogen into bioavailable nitrogen.  They are not only resistant to metals and metalloids, but 
they also adsorb these toxic substances and eliminate them from the surrounding soil (Raven et 
al. 2005). Ultimately, mosses provide a foundation for natural succession of other plant 
communities to build a stable ecosystem.  
Mosses are small plants within the phylum Bryophyta (Raven et al. 2005) known for their 
ability to grow on acidic, metal laden soil.  This project proposes the restoration of barren mine 
waste areas by moss which will stabilize the soil, thus reducing heavy metal contaminants from 
being released into the surrounding environment and to the aquifer.  
1.3. Purpose  
1. To prevent heavy metal contaminants from being transported to various places by wind 
and rain. 
2. Lower the heavy metal contaminants from the ground water table and soil.  
3. Stabilize the soil and increase the pH of the soil so other plant forms, native plants can 
eventually grow. 
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1.4. Objective 
1. The primary objective of this project is to develop a replicable method to revegetate and 
restore mine-impacted areas. 
2. The secondary objective of this project is to study the growth of moss by using the three 
hydrophilic polymers and B. indica.  
1.5. Site description 
There are four field sites, culture chamber and greenhouse experiments for studying 
this project.  The experiments at the sites and the culture chamber are primarily to analyze 
and examine the reduction in heavy metal concentration in the soil by planting moss.  The 
experiments in the greenhouse are primarily to study the growth/propagation of moss by 
using the three hydrophilic polymers and B. indica. 
Four outdoor sites: 
1. Copper I 
2. Copper II 
3. Ryan 
4. Walkerville 
Culture chamber: Located at Main Hall #002, Montana Tech. 
Greenhouse: Located at Montana Tech campus.  
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Figure 1: Locations of Copper I and Copper II (Google maps). 
 
 
Figure 2: Locations of Ryan and Walkerville (Google maps). 
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Figure 3: Location of Culture Chamber (Google maps). 
 
 
Figure 4: Location of Greenhouse at Montana Tech (Google maps). 
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1.6. Project implementation 
The three different hydrophilic polymers along with B. indica are tested in the matrix 
format.  A typical experimental setup is as follows: 
Tray #1 contains Hydrobond,  
Tray #2 contains Fines,  
Tray #3 contains Natural,  
Tray #4 contains Hydrobond + Fines,  
Tray #5 contains Fines + Natural,  
Tray #6 contains Hydrobond + Natural,  
Tray #7 contains Hydrobond + Fines + Natural,  
Tray #8 contains Osmocote only,  
Tray #9 contains no treatment, 
Tray #10 contains B. indica, 
All trays except tray #9 and #10 contain Osmocote. 
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2. Literature Review 
2.1. Metals in the environment 
Metals pose a very different health risk and pollution problem relative to organics 
pollutants (Pepper et al. 2000).  Degradation of metals cannot be achieved through biological, 
chemical or physical means to a harmless by product (Pepper et al. 2000).  In other words, 
metals can change their chemical properties, but the elemental nature of the metal remains the 
same. Therefore, it can be challenging to reduce the effects of metal contamination in the 
environment (Pepper et al. 2000).  
In the environment, metals exist in two forms, (i) bioavailable and (ii) non-bioavailable.  
A bioavailable metal is one that can be absorbed by microorganism, plant, or animal (Pepper et 
al. 2000).  The bioavailable form of the metal is the only portion of the metal that can exercise 
toxicity on microbes, plants, and animals (Pepper et al. 2000).  
Sufficient supply of essential metals such as iron, copper, zinc and manganese are 
required to be maintained by all organisms for cell function (Pepper et al. 2000).  The process of 
maintaining sufficient supply of essential metals while avoiding toxicity is referred to as metal 
homeostasis (Pepper et al. 2000).  Homeostasis is a natural process in microorganisms, they 
usually eliminate excess metal by pumping out the metal ions out of their cells while restricting 
metal uptake (Pepper et al. 2000).  Some microorganisms can sequester and immobilize metals 
and some increase metal solubility in the environment (Pepper et al. 2000).   
 
2.1.1. Causes for concern/ Health effects of the twelve heavy metals that 
are being focused on this research  
Metal contamination in general was primarily related to waste generated from mining and 
industrial activities.  Recently, due to the contributions from a wide variety of other sources, 
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reports of metal related contamination from sources other than mining and industrial activities 
can be found daily (Pepper et al. 2000) and the toxic levels of metals contamination around the 
world continue to increase (Pepper et al. 2000).  
This research focuses on the metals most commonly associated with mining activities; 
Aluminum (Al), Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), 
Magnesium (Mg), Manganese (Mn), Silicon (Si), Iron (Fe), Nickel (Ni) and Zinc (Zn).  The 
following are some of the health effects associated with the respective metal contaminants.  
Aluminum (Al): Can enter the human body through ingestion, inhalation, dermal contact 
(“Water Treatment Solutions” 1998).  Aluminum can cause damage to the central nervous 
system, dementia, loss of memory accompanied by severe trembling (“Water Treatment 
Solutions” 1998). 
Arsenic (As): Present in ashes from coal combustion.  A lot of arsenic compounds adsorb 
to the soil and hence, have the potential to be transported through surface water and leach into 
the groundwater.  Arsenic is associated with skin damage, problems with circulatory systems and 
increases the risk of cancer (Scragg 2006).  
Cadmium (Cd): No contribution to biological functions to man, and it is regarded as one 
of the most poisonous heavy metals (Wuana et al. 2011) (Campbell 2006).  Improper disposal of 
mining and industrial wastes increases the concentration of Cd in the soil (Weggler et al. 2004) 
and may be associated with renal damage and kidney dysfunction (Manahan et al. 2003).  
Chromium (Cr): Contaminants occur due to the disposal of Cr containing wastes 
improperly (Smith et al. 1995).  Transportation of chromium depends on the adsorption capacity 
of the soil and the presence of organic matter and clay content of the soil (Wuana et al. 2011).  
Can be transported by surface water runoff and can lead to groundwater contamination (Wuana 
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et al. 2011).  Allergic dermatitis in human is associated with high chromium levels (Scragg 
2006).  
Copper (Cu): Copper is the third most used metal in the world. (“Copper history” 2011). 
It is an essential nutrient for plants and animals (Wuana et al. 2011).  Copper is found in the 
contaminated soil mainly due to mining activities.  It is suspended in the soils and can be 
transported to nearby places by wind and surface water runoff and eventually leach into the 
ground, hence affecting the ground water table.  Copper is essential for humans but at high 
concentrations, copper may result in liver and kidney damage, anemia, intestinal and stomach 
irritation (Wuana et al. 2011).  
Iron (Fe): Iron can accumulate in vegetables and animal products, therefore increasing 
biomagnification in the food chain (“IRON” 2005).  
Lead (Pb): It is naturally occurring and not an essential element for man, known for its 
toxicity (“NSC” 2009).  Ionic lead, lead oxides and hydroxides are the general forms of lead that 
are released into the soil, ground water and surface water (“NSC” 2009).  Ingestion and 
inhalation are the exposure routes.  Can be absorbed by the plants if the levels of lead are high in 
the soil (“NSC” 2009).  Accumulates in the brain and body organs, causes loss of memory, 
nausea, weakness of joints, and decreases reaction time in adults (“NSC” 2009). 
Magnesium (Mg): Magnesium is essential for humans for kidney function (“Office of 
Dietary Supplements- Magnesium” 2016) and can eliminate slightly higher concentrations of it, 
but at higher concentrations, Mg poses a health risk.  High intake of magnesium can result in 
nausea and abdominal cramping (“Office of Dietary Supplements- Magnesium” 2016).  
Manganese (Mn): Manganese is a naturally occurring substance found in soil, rocks, air, 
and water (“Toxic Substances Portal- Manganese” 2015).  Manganese can enter the human body 
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through inhalation, ingestion and dermal contact (“Toxic Substances Portal- Manganese” 2015).  
A minimal amount of Manganese intake is essential to remain healthy but at higher 
concentrations, manganese can result in negative respiratory effects (“Toxic Substances Portal- 
Manganese” 2015).  Nervous system damages along with illnesses related to urinary and kidneys 
tract have been observed in laboratory animals (“Toxic Substances Portal- Manganese” 2015). 
Nickel (Ni): Occurs naturally in the environment at a very low concentration (Wuana et 
al. 2011).  Major sources of nickel into the environment are combustion of fossil fuels and 
through nickel mining.  It is released into the air by power plants and other activities due to man 
and eventually, settles down on the ground and soil due to precipitation (Wuana et al. 2011).  In 
acidic soil conditions, Ni becomes more mobile and leaches down to the groundwater (Wuana et 
al. 2011).  At high concentrations, Nickel can cause cancer on various parts of the body of 
animals (Wuana et al. 2011). 
Silicon (Si): Does not accumulate in any human organ (“Water Treatment Solutions” 
1998), but it is found in the skin and connective tissues in the human body.  It may cause chronic 
respiratory effects and may lead to irritation of the skin and eyes on contact.  Inhalation of silicon 
suspended particles may cause irritation to the lungs and mucus membrane.  Lung cancer is 
associated with exposure of silicon (“Water Treatment Solutions” 1998).  
Zinc (Zn): Occurs naturally in the soil, but due to the anthropogenic sources, the 
concentration of zinc suspended in the soil are increasing.  Zinc can contaminate soils and 
groundwater.  It is associated with retardation of organic matter break down (Greany 2005).  
2.1.2. Metals defined 
There are three main classes of metals: (i) metals, (ii) metalloids, and (iii) heavy metals 
(Pepper et al. 2000).  In general, metals are the group of elements that are lustrous solids and are 
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good conductors of heat and electricity.  Metalloids are elements that exhibit intermediate 
properties between metals and non-metals (Pepper et al. 2000).  Heavy metals have a greater 
specific gravity than regular metals and are classified into various categories based on the 
complexity of formation and their association with environmental and biological toxicity (Pepper 
et al. 2000).  
2.1.3. Metal sources 
There are two sources of metals in the environment: (i) Anthropogenic sources and (ii) 
Pedogenic or natural sources (Pepper et al. 2000).  Anthropogenic sources occur when humans 
disrupt normal biogeochemical activities and the resulting waste generated is disposed 
improperly (Pepper et al. 2000).  
Natural sources of metal contaminants in the soil occur by weathering of parent materials 
that contain elevated levels of metals (Pepper et al. 2000).  For example, “Forgeron (1971) 
described a natural surface soil with up to 3% zinc and lead at a site on Baffin Island, Canada” 
(Pepper et al. 2000).  
The nature’s process of the geochemical cycle of metals is slow and undisturbed, but due 
to the disturbances by man, most of the soil’s environment can accumulate heavy metals at a 
higher concentration that cause risks to human health (D’Amore et al. 2005).  Metal 
contaminants can originate from a wide variety of anthropogenic sources (Wuana et al. 2011).  
The anthropogenic emissions into the environment are three times higher in magnitude compared 
to the pedogenic sources (Sposito et al. 1984).  Heavy metal emissions from the anthropogenic 
sources tend to be more mobile and therefore more bioavailable compared to pedogenic sources 
(Kuo et al. 1983) (Kaasalainen et al. 2003). 
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2.1.4. Metal solubility and bioavailability 
The aqueous phase, which is also known as the soluble metal, is only a small portion of 
the total metal present in the soil (Pepper et al. 2000).  Out of which, the bioavailable fraction of 
the total metal which has a potential to be taken up by the plants or microbes (Pepper et al. 
2000).  Generally, the bioavailable fraction is very low compared to the total metal present.  
The environmental hazards posed by metals are directly proportional to the bioavailable 
metal’s concentration in the soil (Pepper et al. 2000).  The higher the bioavailability of metal 
contaminants in the soil results in greater up take rate by plants and microorganisms.  
Conversely, the lower the bioavailability of metal contaminants results in a greatly reduced 
environmental hazard.  
The factors that influence the metal solubility, bioavailability, and the overall toxicity of 
metals in the environment are the metal chemistry, sorption rates of the metal contaminants to 
the clay minerals and organic matter, pH of the soil and the number and type of microorganisms 
present in the soil (Pepper et al. 2000).  
 
Figure 5: Potential fates and transformations of metals in the soil environment. Understanding the fate of 
metals in soil and sediments is crucial in determining the metal’s effect on biota, metal leaching to ground 
water and metal transfer up the food chain (Pepper et al. 2000). 
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Heavy metals essentially become contaminants in the soil because; (i) the rates of heavy 
metals generation by mining activities are more rapid compared to nature, (ii) the rate of 
transportation of heavy metal contaminants from mine waste areas to the surrounding areas 
increases due to the activities by man.  This surrounding environment, which is the receiving 
environment, hence possesses a greater direct exposure to human health (D’Amore et al. 2005) 
and (iii) the chemical form of the metals when disposed, can make it more bioavailable in the 
receiving environment (D’Amore et al. 2005).  
A mass balance of heavy metals in the soils can be expressed as: 
Equation 1 
M total = (M p + Ma + M f + M ag +M ow + M ip) – (M cr + M l) (Wuana et al. 2011) 
“Where “M” is the heavy metal, “p” is the parent material, “a” is the atmospheric 
deposition, “f” is the fertilizer sources, “ag” are the agrochemical sources, “ow” are the organic 
waste sources, “ip” are other inorganic pollutants, “cr” is crop removal and “l” is the losses by 
leaching, volatilization and sequestering” (Wuana et al. 2011).  
2.1.5. pH of the soil 
The pH of the soil can have a considerable influence on the effect of metal solubility and 
therefore metal bioavailability (Pepper et al. 2000).  As the pH of the system increases, the 
electrostatic attraction between a metal and soil constituents is enhanced by increasing the cation 
exchange capacity (Pepper et al. 2000).  Therefore, at higher pH system, the metal solubility 
decreases, thus decreasing the metal bioavailability (Pepper et al. 2000).  Conversely, as the pH 
of the soil decreases, the metal solubility increases while the cation exchange capacity decreases 
which results in making the metal more bioavailable (Pepper et al. 2000). 
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2.1.6. Remediation methods of heavy metals in soil 
The objective of soil remediation and soil stabilization is to produce a safe solution that is 
protective of the human health and the environment (Martin et al. 2004).  Remediation goals for 
heavy metals may be set as reducing the total metal concentration or as reducing leachable metal 
into the soil (Wuana et al. 2011). 
The selection of the appropriate remediation treatment approach is strongly influenced by 
the physical and chemical form of heavy metals contaminants in the contaminated soils (Wuana 
et al. 2011) (Martin et al. 2004). 
There are several remediation technologies for metal contaminated soil (Gupta et al. 
2000).  The remediation technologies for metal contaminated soil have been classified into three 
categories; (i) gentle in situ remediation, (ii) in situ harsh soil restrictive measures and (iii) in situ 
or ex situ harsh soil destructive measures (Gupta et al. 2000).  In situ treatment technologies treat 
or remove the contaminants from the soil without excavation or removal of the soil.  Ex situ 
means that the contaminated soil is moved, excavated or removed from the site or subsurface.  
Ex situ technologies are more expensive and usually, the contaminant remedies involve the 
construction of vertical engineered barriers along with caps and liners, which are used to prevent 
the migration of heavy metal contaminants to the surrounding environment (Wuana et al. 2011). 
The goal of in situ and ex situ harsh soil restrictive and destructive measures are to 
completely prevent contamination to humans, animal or plant while the goal of the gentle in situ 
remediation is to restore the soil malfunctionality or the soil fertility (Wuana et al. 2011). 
The present research focuses on gentle in situ technologies.  It is focused on 
implementing some inexpensive and natural methods by using commercially available polymer 
products to stabilize the heavy metal contaminants from the soil and to restore the soil’s fertility 
and the soil’s malfunctionality. 
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2.2. Bryophytes 
Bryophytes- mosses are small leafy or flat plants that mostly grow in moist locations, 
tropical forests and are usually noticed along the edges of wetlands and streams (Raven et al. 
2005).  Mosses are known to grow in extreme conditions such as; in relatively dry weathers, in 
desserts and on rocks that can become very hot (Raven et al. 2005).  They can also endure 
extended periods of severe cold temperatures.  Mosses are not truly marine, but a few bryophytes 
are aquatic and some are found on rocks splashed by ocean waves (Raven et al. 2005). 
There are over 9500 species of moss therefore, they contribute significantly to plant 
biodiversity (Raven et al. 2005).  Bryophytes play a major role in the global carbon cycle in 
some areas for the substantial amounts of carbon they store (Raven et al. 2005).  Increasing 
evidence suggests that the first plants in existence were bryophytes.  Even today, together with 
other plants like lichens, bryophytes are an important initial colonizer of bare rock and soil 
surfaces (Raven et al. 2005).  Like lichens, bryophytes are extremely sensitive to air pollution 
and they are often represented just by fewer species in contaminated areas (Raven et al. 2005). 
2.2.1. Mosses: Phylum Bryophyta 
There are many organisms that contain organisms that are commonly called mosses 
(Raven et al. 2005), but the genuine mosses are members of the phylum Bryophyta.  The phylum 
Bryophyta consists of three classes: 
1) Sphagnidae (the peat mosses) 
2) Andreaeidae (the granite mosses) 
3) Bryidae (true mosses) 
These groups are distinct from each other and differ in many features.  Molecular 
information indicates that the classes Sphagnidae and Andreaeidae diverged from the main line 
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of moss evolution long ago (Raven et al. 2005).  Whereas, the class Bryidae consist of a clear 
majority of moss species.  There are roughly 9500 species of Bryidae with new species 
constantly being discovered especially in the tropic regions (Raven et al. 2005). Mosses do not 
have any roots, rhizoids attaches the moss to the surface of the soil.  
2.2.2. Class Andreaeidae (The granite mosses) 
There are two genera in class Andreaeidae, the first being Andreaea and second being 
Andreaeobryum (Raven et al. 2005).  The genus Andreaea consists of roughly 100 species of 
small blackish-green and dark reddish-brown mosses (Raven et al. 2005).  They are mostly 
found in mountainous or Arctic regions, but often found on granite rocks, hence its common 
name “granite moss” (Raven et al. 2005).  In Andreaea, they usually have two or more rows of 
cells, rather than just one row as compared most of the mosses (Raven et al. 2005).  The capsule 
ruptures along the four vertical lines of weaker cells and remains in contact with the dehiscence 
lines above and below.  The resulting four valves are extremely sensitive to the humidity of the 
surrounding environment.  The valves open when the surrounding air is dry causing the spores to 
be carried far by the wind.  Conversely, the valves close when the surrounding air is humid 
(Raven et al. 2005). 
 
Figure 6: Andreaea rothii growing on granite rock in Devon, England (Raven et al. 2005). 
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Figure 7: The Andreaea capsule contracts when moist and splits as the surrounding environment dries 
(Raven et al. 2005). 
 
2.2.3. Class Bryidae (True mosses) 
The class Bryidae contains most of the moss species (Raven et al. 2005).  In this class, 
the branching filaments of the protonema consist of a single row of cells and resemble green 
algae (Raven et al. 2005).  However, due to their inclined cross walls, they can be easily 
distinguished from the green algae (Raven et al. 2005).   
21 
 
Figure 8: Protonema of a “true moss” with a budlike structure (Raven et al. 2005). 
 
2.2.4. Mosses contain tissues specialized for water and food conduction 
Moss gametophytes exhibit varying degrees of complexity; their sizes can vary from 0.5 
millimeter to more than 50 centimeters (Raven et al. 2005).  All the moss gametophytes have a 
multicellular rhizoid and the leaves are usually one cell layer thick (Raven et al. 2005).  The 
stems of the gametophytes and sporophytes in many mosses have a water conducting tissue 
known as hadrom (Raven et al. 2005).  The water conducting cells are known as hydroids 
(Raven et al. 2005).  Hydroids are cells that are usually elongated with tilted end walls that are 
thin and highly permeable to water.  Therefore, they are the preferred pathways for water and 
solutes (Raven et al. 2005).  
The food conducting cells in some moss genera are known as leptoids and the food 
conducting tissue is known as leptom (Raven et al. 2005).  Leptoids surround the strand of 
hydroids and are elongated cells (Raven et al. 2005). 
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Figure 9: Transverse section illustrating the central column of water-conducting hydroids surrounding by 
food conducting leptoids (Raven et al. 2005). 
 
 
Figure 10: Longitudinal section of a portion of the central strand, illustrating hydroids, leptoids, and 
parenchyma (Raven et al. 2005). 
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2.2.5. Reproduction in mosses 
There are two kinds of reproduction in mosses; sexual and asexual (Raven et al. 2005).  
The asexual reproduction usually occurs by fragmentation because generally, any fragment of 
the moss gametophyte is capable of regeneration (Raven et al. 2005). 
The sexual reproduction of mosses involves the production of male and female 
gametangia, an unbranched matrotrophic sporophyte and a spore dispersal processes (Raven et 
al. 2005). 
The gametangia are produced at the tip of the main axis or on an adjacent branch by a 
mature leafy gametophyte (Raven et al. 2005).  Some genera have gametophytes that are 
unisexual (dioecious) and in other genera, both archegonia and antheridia are produced by the 
same plant (monoecious) (Raven et al. 2005).  Antheridia are often grouped within leafy 
structures known as splash cups (Raven et al. 2005).  The sperm from antheridia are discharged 
into a drop of water within each cup and due to the raindrops falling into the cups, the drops of 
water carrying the sperm are dispersed (Raven et al. 2005).  Insects may also carry sperm-rich 
drops of water from plant to plant (Raven et al. 2005). 
Moss sporophytes are borne on gametophytes.  These gametophytes supply the 
sporophytes with nutrients (Raven et al. 2005).  The sporangia or the capsules generally take 
about 6 to 18 months to reach maturity and are generally elevated on a seta into the air, resulting 
in spore dispersal (Raven et al. 2005).  Some mosses produce bright colored sporangia to attract 
insects and help them scatter (Raven et al. 2005). 
The calyptra, which is derived from the archegonium, is usually raised upward along with 
the capsule as the seta elongates (Raven et al. 2005).  Before the spore disposal, the protective 
part of the calyptra falls and the operculum of the capsule bursts, resulting in a ring of teeth 
known as the peristome that surrounds the opening (Raven et al. 2005).  In most cases, when the 
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surrounding air is dry, the teeth uncurl slowly.  Conversely, the teeth curl up when the 
surrounding air is moist.  The spores are then gradually released by this movement of teeth 
(Raven et al. 2005).  Ideally, a capsule can shed up to 50 million haploid spores, each of which 
can generate new gametophyte (Raven et al. 2005). 
 
Figure 11: Peristome teeth in class Bryiade. The two teeth open to release spores in a dry climate and close in 
most climate (Raven et al. 2005). 
 
2.2.6. Exhibition of “cushiony” or “feathery” growth patterns 
There are two common patterns of growth in mosses; “cushiony” and “feathery”.  In 
cushiony type, the gametophytes are erect and are slightly branched, and they usually contain 
terminal sporophytes (Raven et al. 2005).  In the feathery type, the sporophytes are borne 
sideways, and the plants are creeping.  The feathery types of mosses are commonly found 
hanging in masses from the branches of trees (Raven et al. 2005).  
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Figure 12: “Cushiony” grown pattern (Raven et al. 2005). 
 
 
Figure 13: “Feathery” growth pattern (Raven et al. 2005). 
 
2.3. Hydrophilic polymer products 
The use of hydrophilic polymers, Osmocote and Beijerincka for the experiments. 
The three types of polymers that will be used are Hydrobond, Soil Moist Fines, and Soil   
Moist Natural.  
1. Hydrobond is a safe nontoxic linear polymer, which acts as a tackifier to retain the soil 
moisture without drawing moisture out of the plant.  
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2. Soil Moist Fines or Fines are nontoxic synthetic crosslinked, acrylic polyacrylamide with 
potassium salt base. 
3. Soil Moist Natural or Natural is grafted starch polymer derived from corn; it is used to 
reduce plant watering.  It can hold several times its weight in water and releases it to the 
plant as the soil loses its moisture content. 
4. Osmocote is a fertilizer that slowly releases Nitrogen, Phosphorous, and Potassium 
(NPK) in the soil.  The ratio of NPK in the Osmocote that will be used is 19-6-12. 
5. B. indica is a type of metal tolerant genus of bacteria that is not sensitive to the pH of the 
soil and is known to help grow moss community organisms. 
The use of the hydrophilic polymers is only in the initial stages, for the initial 
establishment of moss growth.  The polymers will not be required once the moss is stable enough 
to propagate on its own.  
2.4. B. indica (Beijerinckia)  
B. indica was decided to be used for experiments as it is a metal tolerant genus of bacteria 
which is not sensitive to the pH of the soil and is known to help moss community organisms 
grow (Mitman 2016).  B. indica is in the family Beijerinckiaceae and phylum Proteobacteria and 
class Alphaproteobacteria (Mitman 2016).   B. indica is a nonpathogenic bacteria, known for its 
ability to grow on acidic soil with high metal concentration soils (Becking 1961).  They are also 
known to promote soil fertility by nitrogen fixation and polysaccharide production among their 
other metabolic activities (Mitman 2016).  B. indica have the capability to survive in various 
environmental conditions; from soils of pH 3 to Ph 10, under varying levels of oxygen 
availability and varying degrees of moisture saturation (Mitman 2016).  
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Figure 14: B. indica under microscope. 
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3. Materials and Methods 
3.1. Culture Chamber 
The experiments in the culture chamber are to study the propagation and the heavy metal 
sequestration by the moss.  The soil and the moss were collected from the proposed sites for this 
research.  The moss planting at the culture chamber was implemented in the standard 1020 
greenhouse trays.  
The initial step for the planting was collection of the moss from the sites and identifying 
it. After the moss was collected, it was stored/maintained in the culture chamber.  The collected 
moss was stored so that it can be used for future experiments.  The collected moss was sprayed 
with the Bold’s Basal Medium (BBM). 
3.1.1. Preparation of Bold’s Basal Medium 
The Bold’s Basal Medium (BBM) is a highly enriched medium, which is used for 
growing many types of plants and green algae.  To prepare the Bold’s medium, the chemical 
compounds necessary were added to 800 ml distilled water following table I. 
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Table I: Ingredients used for preparing the Bold’s Basal Medium (BBM). 
S.No. Stocks Per 800 ml 
1 NaNO3 20.0 g 
2 MgSO4.7H2O 6.0 g 
3 NaCl 2.0 g 
4 K2HPO4 6.0 g 
5 KH2PO4 14.0 g 
6 CaCl2.2H2O 2.0 g 
7 ZnSO4.7H2O 7.056 g 
 MnCl2.4H2O 1.152 g 
 MoO3 0.568 g 
 CuSO4.5H2O 1.256 g 
 Co(NO3)2.6H2O 0.392 g 
8 H3BO3 9.136 g 
9 EDTA 40 g 
 KOH 24.8 g 
0 FeSO4.7H2O 3.984 g 
 H2SO4 (Concentrated) 0.8 ml 
 
The make a medium of one liter, it was required to mix ten ml of each stocks of S.No. 1 
to 6 and one ml of each stocks of S.No. 7 to 10 from table I with distilled water.  Therefore, 936 
ml of distilled water was taken and 64 ml of stocks of 1 to 10 was mixed with the distilled water 
to achieve the final Bold’s medium.  The prepared Bold’s Medium was sprayed on the collected 
moss from time to time to ensure that the moss had essential nutrients. 
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Figure 15: Two trays of moss after it was watered with Bold’s Medium. 
 
The species of the moss were Mielichhoferia, Mielichhoferi. 
For the experiments in the culture chamber, the primary changing factors were the 
application rates of the polymers, Osmocote, and B. indica.  The soil and moss application 
methods remained the same throughout all the experiments.  
3.1.2. Soil collection and application 
In all the trays, the soil was distributed evenly maintaining an average height of the soil 
as 2.5 cm. Any large stones and other particles such as wood sticks and dirt were removed from 
the soil to ensure that only fine particles of soil were in the trays.  Since moss do not have any 
roots, it would be ideal if only fine soil was used for planting moss in the trays.  After the soil 
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application, a small cylindrical plastic tube, which had a small dimeter, was used to roll over and 
flatten the surface of the soil in all the trays.  This was done after the respective polymer and 
Osmocote application was mixed with the soil.  Each scoop of Osmocote is 15 ml of the 
Osmocote fertilizer.  As moss do not have any roots, it would be ideal to compact the soil, so the 
moss could have a good grip on the soil when they grow.  
3.1.3. Moss collection and application 
For experiment #1- culture chamber, the moss was collected by the greenhouse at 
Montana Tech.  For all other experiments in the culture chamber, the moss was collected from 
the project’s proposed sites. 
The moss application for the culture chamber experiments was by fragment method.  The 
instructions for growing moss were adopted from the methods described on the website of moss 
and stone gardens.  The mosses were cut one to two mm from the top and were soaked in the 
prepared Bold’s Basal Medium (BBM) for 48 hours in a Ziploc bag.  The Ziploc bag that 
contained the moss fragments and the Bold’s medium was placed in the culture chamber to 
ensure that the moss had sufficient light.  After 48 hours, the moss was strained using a strainer 
and was spread on a paper towel.  The strained moss fragments were noticed to be more healthy 
and feathery.  The moss fragments were divided equally and were sprinkled evenly on top of the 
soil in all the trays.  After the moss was planted, once again the cylindrical plastic tube was 
rolled over the moss to ensure the moss fragments were well in contact with the soil in the trays. 
3.1.4. Experiment# 1 
The soil used for this experiment was collected previously from Badger mine site.  The 
pH of the soil ranged from 5.6 to 5.8.  The soil was collected approximately six months before 
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the experiment and was stored in the lab, which could have affected the pH result.  The moss was 
collected by the greenhouse at Montana Tech. 
 Setting up the nine following trays: 
• Tray #1 is Hydrobond 
• Tray #2 is Fines 
• Tray #3 is Natural  
• Tray #4 is Hydrobond + Fines 
• Tray #5 is Fines + Naturals 
• Tray #6 is Hydrobond + Natural  
• Tray #7 is Hydrobond + Fines + Natural 
• Tray #8 is Osmocote only  
• Tray #9 is No Treatment 
Application rates for different polymers and Osmocote: 
The hydrophilic polymers were purchased from JRM Chemical, Inc.  From their website, 
some of the following polymer application rates were obtained and were used as guidance for 
conducting experiments.  All trays except tray# 9 contained Osmocote.  
• Tray #1 Hydrobond:  
The suggested application rate for hydrobond was to use two to three pounds of 
hydrobond mixed in 1000 gallons of water and sprayed over an acre of soil.  
 
For this experiment, it was calculated to use 0.0352g of hydrobond in 117 ml of distilled 
water.  After conducting some experiments in a petri dish, it was decided to use 0.0704g 
of hydrobond in 234 ml of distilled water.  The hydrobond solution was made by mixing 
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hydrobond polymer in 234 ml of distilled water for 15 minutes.  The hydrobond solution 
was then sprayed over the soil in the Tray.  The hydrobond solution along with 1.5 
scoops of Osmocote were applied on the soil and was mixed properly.  
 
Calculation for hydrobond application rate: 
Suggested application rate: two to three pounds in 1000 gallons water.  It was decided to 
use 2.5 pounds of hydrobond in 1000 gallons of water sprayed over 1 acre of soil.  
 
Area of 1 acre in m2 = 4046.86 m2.  
Area of 1 standard 1020 greenhouse tray = 0.126 m2. 
Following the suggestion that for one acre of soil, 1000 gallons of water and two to three 
pounds of hydrobond was needed.  With this proportion, it was calculated that for an area 
of one 1020 greenhouse tray, 117ml of water and 0.0352 g of hydrobond were needed. 
 
• Tray #2 Fines:  
In accordance to the application rate of hydrobond and after conducting some tests with 
fines in a petri dish, it was decided to use two times the application rate of hydrobond.   
Therefore, 0.0704 g of fines was added in 117 ml of distilled water and mixed properly 
for 15 minutes.  After the fines solution was prepared, the solution was sprayed on the 
soil in the trays.  It was noticed that some fines polymer particles were bulged on top of 
the soil, but this did not affect the soil or the moss.  The fines solution and 1.5 scoops of 
Osmocote were mixed properly with the soil. 
•  Tray #3 Natural:  
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From JRM Chemical’s website, suggestion of natural polymer application was not 
mentioned, therefore the suggested application rate for a Polyacrylamide, which is a 
substitute of natural was used as a guidance in deciding what may be a suitable 
application rate for the natural polymer. 
From the Polyacrylamide suggested application rate, the calculated application rate was 
4.03 g of natural per tray.  After conducting some tests in a petri dish, it was decided that 
2.015 g of natural sprinkled over the soil per tray would be appropriate.  The soil was 
mixed properly with 2.015 g of natural polymer and 1.5 scoops of Osmocote.  
• Tray #4 Hydrobond and Fines: 
In accordance to Tray #1 and Tray #2, 0.0704 g of hydrobond was mixed in 234 ml of 
distilled water.  0.0702 g of fines was mixed in 117 ml of distilled water.  After both the 
solutions were applied, 1.5 scoops of Osmocote were added to the soil.  The soil was 
mixed properly after the application of polymer solution and Osmocote.  
• Tray #5 Fines and Natural: 
In accordance to Tray #2 and Tray #3, 0.0704 g of fines was mixed in 117 ml of distilled 
water. 2.015g of natural was sprinkled in the soil.  After both the polymers were applied, 
1.5 scoops of Osmocote were added to the soil.  The soil was mixed properly after the 
application of polymers and Osmocote.  
• Tray #6 Hydrobond and Natural: 
In accordance to Tray #1 and Tray #3, 0.0704 g of hydrobond was mixed in 234 ml of 
distilled water. 2.015g of natural was sprinkled in the soil.  After both the polymers were 
applied, 1.5 scoops of Osmocote were added to the soil.  The soil was mixed properly 
after the application of polymers and Osmocote. 
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• Tray #7 Hydrobond, Fines and Natural: 
In accordance to Tray #1, Tray #2, and Tray #3, 0.0704 g of hydrobond was mixed in 234 
ml of distilled water.  0.0702 g of fines was mixed in 117 ml of distilled water. 2.015g of 
natural was sprinkled in the soil.  After all the polymers were applied, 1.5 scoops of 
Osmocote were added to the soil.  The soil was mixed properly after the application of 
polymers and Osmocote. 
• Tray #8 Osmocote only: 
Only 1.5 scoops of Osmocote were added on the soil without any polymer application.  
• Tray #9 No treatment:  
Consisted of just the collected soil with no polymer or Osmocote.  
 
After the soil, polymer, Osmocote, and moss planting were completed, all the 9 trays 
were placed in the culture chamber with their lids closed.  The lids on the trays are to ensure the 
moisture was retained in the trays to help moss grow.  Since the lids were transparent, the moss 
was not expected to have any problem with insufficient light supply.  The culture chamber had 
the light settings on for 20 hours per day and the lights in the culture would turn off for four 
hours every night.  Using a spray bottle, groundwater was sprayed as mist two times a week to 
water the trays.  Since moss do not have roots, and absorb water through their rhizoids, stems 
and leaves, the water was sprayed as mist. 
3.1.5. Experiment #2 
The soil used for this experiment was collected from Copper II site (Copper mountain 
recreation center).  Compared to all the four outdoor sites for this project, the soil from the 
Copper II is comparatively good and fertile.  The pH was the soil was recorded to be 6.2.  The 
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moss collected for this experiment was from Copper II.  Contrary to the moss that was collected 
from Copper II, the moss from Copper I and Walkerville was very short.  Therefore, cutting 
fragments of these short mosses was very challenging as the average height of this moss was 
0.03 mm.  Hence, implementing the fragment method by using the short moss was neglected.  
 Setting up the 10 following trays: 
• Tray #1 is Hydrobond 
• Tray #2 is Fines 
• Tray #3 is Natural  
• Tray #4 is Hydrobond + Fines 
• Tray #5 is Fines + Naturals 
• Tray #6 is Hydrobond + Natural  
• Tray #7 is Hydrobond + Fines + Natural 
• Tray #8 is Osmocote only  
• Tray #9 is No Treatment 
• Tray #10 is B. indica  
Application rates for polymers, Osmocote and B. indica: 
• Tray #1 Hydrobond:  
From experiment #1 and other petri dish tests, it was determined that the soil became 
comparatively hard.  Therefore, the application rate was reduced by 50% to 0.0352 g in 
234 ml of distilled water.  The application for the hydrobond solution method remained 
the same as in experiment #1.  After 1.5 scoops of Osmocote were added, the soil was 
mixed properly and was compacted before the moss application with the help of the 
cylindrical tube.  
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• Tray #2 Fines: 
In accordance to the application rate of hydrobond and from experiment #1 and other 
petri dish tests, it was decided to reduce the application rate by 50% to 0.0352 g in 117 
ml of distilled water.  The application method for fines solution method remained the 
same as experiment #1.  After 1.5 scoops of Osmocote were added, the soil was mixed 
properly and was compacted before the moss application with the help of the cylindrical 
tube.  
•  Tray #3 Natural:  
From experiment #1, it was determined that the growth performance of moss was doing 
well.  Therefore, it was decided to increase the application rate to the average of last 
application calculated rate and the last actual application rate.  Which was calculated to 
be 3.022 g sprinkled per tray.  The application method for the natural polymer remained 
the same as experiment #1.  After 1.5 scoops of Osmocote were added, the soil was 
mixed properly and was compacted before the moss application with the help of the 
cylindrical tube.  
 
Calculation of natural polymer application rate for experiment #2: 
The average of last application calculated rate = 4.03g 
The last actual application rate = 2.015 g 
Average = (4.03+2.015)/2 = 3.022g sprinkled per tray 
 
• Tray #4 Hydrobond and Fines: 
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In accordance to Tray #1 and Tray #2, 0.0352 g of hydrobond was mixed in 234 ml of 
distilled water.  0.0352 g of fines was mixed in 117 ml of distilled water.  After both the 
solutions were applied, 1.5 scoops of Osmocote were added to the soil.  The soil was 
mixed properly and was compacted before the moss application with the help of the 
cylindrical tube. 
• Tray #5 Fines and Natural: 
In accordance to Tray #2 and Tray #3, 0.0352 g of fines was mixed in 117 ml of distilled 
water.  3.022g of natural was sprinkled in the soil.  After both the polymers were applied, 
1.5 scoops of Osmocote were added to the soil.  The soil was mixed properly and was 
compacted before the moss application with the help of the cylindrical tube. 
• Tray #6 Hydrobond and Natural:  
In accordance to Tray #1 and Tray #3, 0.0352 g of hydrobond was mixed in 234 ml of 
distilled water.  3.022 g of natural was sprinkled in the soil.  After both the polymers 
were applied, 1.5 scoops of Osmocote were added to the soil.  The soil was mixed 
properly and was compacted before the moss application with the help of the cylindrical 
tube. 
• Tray #7 Hydrobond, Fines and Natural: 
In accordance to Tray #1, Tray #2, and Tray #3, 0.0352 g of hydrobond was mixed in 234 
ml of distilled water.  0.0352 g of fines was mixed in 117 ml of distilled water. 3.022 g of 
natural was sprinkled in the soil.  After all the polymers were applied, 1.5 scoops of 
Osmocote were added to the soil.  The soil was mixed properly and was compacted 
before the moss application with the help of the cylindrical tube. 
• Tray #8 Osmocote only: 
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Only 1.5 scoops of Osmocote were added on the soil without any polymer.  The soil was 
mixed properly and was compacted before the moss application with the help of the 
cylindrical tube. 
• Tray #9 No treatment:  
Consisted of just the collected soil with no polymer or Osmocote.  The soil was 
compacted before the moss application with the help of the cylindrical tube. 
• Tray #10 B. indica: 
33 ml of B. indica was transferred to a spray bottle.  After the soil was compacted, the B. 
indica solution was sprayed on top of the soil.  Moss application was completed by 
evenly sprinkling on the soil and then pressing them down firmly with the help of the 
cylindrical tube. 
 
After the soil, polymer, Osmocote, B. indica and moss planting were completed; all the 
10 trays were placed in the culture chamber with their lids closed.  The lids on the trays are to 
ensure the moisture was retained in the trays to help moss grow.  As the lids were transparent, 
the moss was expected to not have any problem with insufficient supply of light.  The culture 
chamber had the light settings on for 20 hours per day and the lights in the culture would turn off 
for four hours every night.  Using a spray bottle, groundwater was sprayed as mist two times a 
week to water the trays.  Since moss do not have any roots, the water was sprayed as mist to 
ensure the moss drew water directly to its leaves and plant body.  
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Figure 16: Tray# 1 Hydrobond. 
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Figure 17: Tray #2 Fines. 
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Figure 18: Tray #3 Natural. 
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Figure 19: Tray #4 Hydrobond and Fines. 
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Figure 20: Tray #5 Fines and Natural. 
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Figure 21: Tray #6 Hydrobond and Natural. 
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Figure 22: Tray #7 Hydrobond, Fines and Natural. 
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Figure 23: Tray #8 Osmocote only. 
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Figure 24: Tray #9 No Treatment. 
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Figure 25: Tray #10 B. indica. 
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3.1.6. Experiment #3- Plugs 
Plugs are made of Sphagnum Peat Moss and Polyether Polyurethane Foam (“Grow-tech 
Inc” 2018).  Plugs are intended for supporting the initial establishment of a plant and can be 
moved and transplanted to a new location after plug plants are established. The plugs that were 
used for this experiment had water content in them and did not consist of any seeds.  
Egg cartons were used as support for the plugs.  In each of the egg slots, three to four 
plugs were planted.  On September 30, 2017, the plugs had been set up in the egg cartons, moss 
was cut and was sprinkled on top of the plugs.  The egg cartons with the plugs and the sprinkled 
moss were kept in a standard 1020 greenhouse tray with lids closed and were kept in the culture 
chamber for monitoring.  As the plugs already consisted of some moisture content, they were 
sprayed with well water using the spray bottle once a week to ensure the moss had sufficient 
moisture for growth.   
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Figure 26: Illustrates the set-up of the plugs in the standard 1020 greenhouse trays. 
 
Figure 26 is a close-up of one plug, showing the moss coverage on day 91.  Calculation 
of the moss propagation rate was done using a transparent sheet with small equal size squares 
placed over the moss (Figure 28).  The number of squares covering the plug was divided by the 
number of squares covering the moss.  Even if there was a partial coverage of moss in a square, 
it would be counted.  This is a standard population dispersion sampling method (Brower et al., 
1997). 
An example calculation is as follows: 
Number of squares with the moss= 63 
Total number of squares covering the plug= 97 
% of coverage of moss= (63/97) * 100 = 65% 
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This method was used on a few plugs sampled at random, and the average value by the 
day 61 was calculated to be 75% coverage.  
 
Figure 27: Closer image of a plug.  The growing moss fragments can be observed on the plug, and the 
coverage on day 61 was calculated at 75%. 
 
 
Figure 28: Close-up photo of a single plug with the clear plastic grid. 
 
3.1.7. Experiment #4 
The objective of this experiment was to further study the sequestration of heavy metals 
from the contaminated sites by moss.  Three petri dishes were filled with the soil collected from 
the Copper II.  The soil in the petri dishes did not consist of any treatment.  Fragments of moss 
were planted on the three petri dishes.  The three dishes had their lids closed and were placed in 
the culture chamber; they were sprayed with groundwater using a spray bottle two times a week 
53 
and were monitored.  The three petri dishes had their lids on them.  At the time of planting the 
moss, the heavy metal measurements of the soil and the moss were analyzed and recorded using 
the XRF handgun.  Eight weeks after the moss was planted, the soil and the moss have been 
analyzed again for heavy metals, and any changes in the initial measurements were recorded.  
 
Figure 29: Illustration of the moss planted in the petri dish #1. 
 
Figure 30: Illustration of the moss planted in the petri dish #2. 
 
Figure 31: Illustration of the moss planted in the petri dish #3. 
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3.2. Greenhouse 
The construction of the greenhouse began in July 2017.  Before the construction of 
greenhouse began, the area where the greenhouse was proposed to be build was flattened.  It took 
three days to complete the greenhouse construction.  Building the greenhouse was very 
challenging and time consuming, the instructions for constructing the greenhouse was followed 
from the manual downloaded from rhinoshelters.com.  The experiments at the greenhouse began 
immediately after completion of greenhouse construction. 
 
Figure 32: Outside view of the greenhouse. Doors of the greenhouse were rolled down. 
 
The purpose of the greenhouse is to provide a controlled environment to grow moss and 
to study moss propagation under the influence of the three hydrophilic polymers, Osmocote and 
B. indica.  There were two types of indoor soils used for conducting experiments at the 
greenhouse: 
• Indoor soil #1: Earthgro’s potting soil consisting of 85% bark pine. 
pH= 6.8. 
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• Indoor soil #2: Organic planting soil consisting of 0.11% of Nitrogen (N), 0.07% of 
Phosphate (P2O5) and 0.11% of (K2O).  
pH= 7.2. 
 
For conducting the experiments at the greenhouse, two types of moss propagation 
methods were used; the fragment method and the clump method.  The fragment method involves 
chopping up small pieces of moss from the top of the moss to a size of approximately one to two 
millimeters and sprinkling them on the soil.  The clump method involves taking small clumps of 
moss and planting them separated by approximately one inch apart from each other.  Water 
supply to the greenhouse was accomplished by connecting a hose to a water outlet of building 
next to the greenhouse.   
 
Figure 33: Fragment method. 
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Figure 34: Clump method. 
 
3.2.1. Soil application method 
In all the trays, the indoor soil was distributed evenly maintaining an average height of 
the soil in all the trays as three centimeters.  After the soil application, a small cylindrical plastic 
tube, which had a small dimeter, was used to roll over and flatten the surface of the soil in all the 
trays.  The soil compaction with the cylindrical tube was done after the respective polymer and 
Osmocote application was mixed with the soil and after the moss, fragments or the moss clumps 
were planted.  As moss do not have any roots, it would be ideal to compact the soil, so the moss 
could have a good grip on the soil when they grow. 
3.2.2. Moss application method 
The procedure of planting moss by the fragment method was similar to the culture 
chamber experiments.  The clump method of planting moss in the trays were almost similar to 
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the sites’ but, the area of the trays were almost two times than compared to the area of the box 
plots at the sites.  Therefore, more moss clumps were planted on the trays at the greenhouse.  The 
clumps of moss were roughly one inch apart from each other.  On an average, each clump of a 
moss was one to two inches in diameter and there were 12 clumps of moss in every tray. 
3.2.3. Experiment #1 
The moss for this experiment was collected from Copper II and was planted by following 
the fragment method.  The soil used for this experiment was the indoor soil #1.  
Setting up the 10 following trays: 
• Tray #1 is Hydrobond 
• Tray #2 is Fines 
• Tray #3 is Natural  
• Tray #4 is Hydrobond + Fines 
• Tray #5 is Fines + Naturals 
• Tray #6 is Hydrobond + Natural  
• Tray #7 is Hydrobond + Fines + Natural 
• Tray #8 is Osmocote only  
• Tray #9 is No Treatment 
• Tray #10 is B. indica 
Application rates and methods of application of all the treatments remained similar to the 
sites’ application rates.  The application methods were similar to the methods followed in culture 
chamber- Experiment #2.  The trays were set up at the culture chamber and after the soil, 
polymer, Osmocote, B. indica and moss were planted; the trays were moved to the greenhouse. 
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None of the trays in the greenhouse had any lids on them.  Water was sprayed on to the trays 
once per day.  The greenhouse doors were rolled down completely. 
3.2.4. Experiment #2 and #3 
Experiments #2 and #3 have followed the same treatment application rates and moss 
propagation methods.  The moss for this experiment was collected from Montana Tech’s campus 
and was planted in clumps.  The soil used for this experiment was the indoor soil #1.  The doors 
for this and the following experiments were remained opened so the temperature inside the 
greenhouse can be cooler and the moss could absorb moisture during early mornings from the 
surrounding atmosphere. 
Setting up the 10 following trays: 
• Tray #1 is Hydrobond 
• Tray #2 is Fines 
• Tray #3 is Natural  
• Tray #4 is Hydrobond + Fines 
• Tray #5 is Fines + Naturals 
• Tray #6 is Hydrobond + Natural  
• Tray #7 is Hydrobond + Fines + Natural 
• Tray #8 is Osmocote only  
• Tray #9 is No Treatment 
• Tray #10 is B. indica 
Application rates for different polymers and Osmocote: 
Application rates of all the treatments were increased by more than 11 times.  The 
increase in polymer application rates were strongly influenced by the results from greenhouse 
59 
experiment #1.  All the trays were set up at the greenhouse.  First, the soil was transferred to all 
the trays (10 trays x 2 = 20 trays for experiment #2 and #3) ensuring the average height of the 
soil was three centimeters.  After the soil was transferred to the trays, the following application 
rates were implemented in the respective trays: 
• Tray #1 Hydrobond:  
2 g of hydrobond and 2 scoops of Osmocote were sprinkled and mixed in the soil.  The 
soil was mixed properly before the moss application.  
• Tray #2 Fines:  
2.5 g of fines and 2 scoops of Osmocote were sprinkled and mixed in the soil.  The soil 
was mixed properly before the moss application.  
• Tray #3 Natural:  
6.5 g of natural and 2 scoops of Osmocote were sprinkled and mixed in the soil.  The soil 
was mixed properly before the moss application.  
• Tray #4 Hydrobond and Fines: 
2 g of hydrobond, 2.5 g of fines and 2 scoops of Osmocote were sprinkled and mixed in 
the soil.  The soil was mixed properly before the moss application.  
• Tray #5 Fines and Natural: 
2.5 g of fines, 6.5 g of natural and 2 scoops of Osmocote were sprinkled and mixed in the 
soil.  The soil was mixed properly before the moss application.  
• Tray #6 Hydrobond and Natural: 
2 g of hydrobond, 6.5 g of natural and 2 scoops of Osmocote were sprinkled and mixed in 
the soil.  The soil was mixed properly before the moss application.  
• Tray #7 Hydrobond, Fines and Natural: 
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2 g of hydrobond, 2.5 g of fines, 6.5 g of natural and 2 scoops of Osmocote were 
sprinkled and mixed in the soil.  The soil was mixed properly before the moss 
application.  
• Tray #8 Osmocote only: 
Only 2 scoops of Osmocote were sprinkled and mixed in the soil.  The soil was mixed 
properly before the moss application. 
• Tray #9 No Treatment:  
No treatment was applied. 
• Tray #10 B. indica: 
B. indica was transferred to the spray bottle. 33ml of which was sprayed.  The moss was 
planted after the B. indica was sprayed.  
After the soil, polymer, osmocote, B. indica and moss was planted by the clump method, 
water was sprayed daily as mist, and it was ensured that the soil planted with moss was always 
moist.  
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Figure 35: Experiment #2 and #3 set-up inside the greenhouse. 
 
3.2.5. Experiment #4 
The moss for this experiment was collected from Montana Tech’s campus and was 
planted by following the fragment method.  The soil used for this experiment was the indoor soil 
#1.  
Setting up the 10 following trays: 
• Tray #1 is Hydrobond 
• Tray #2 is Fines 
• Tray #3 is Natural  
• Tray #4 is Hydrobond + Fines 
• Tray #5 is Fines + Naturals 
• Tray #6 is Hydrobond + Natural  
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• Tray #7 is Hydrobond + Fines + Natural 
• Tray #8 is Osmocote only  
• Tray #9 is No Treatment 
• Tray #10 is B. indica 
Application rates for different polymers and Osmocote: 
The application rates and methods of application all the treatments remained the same as 
experiments #2 and #3.  The fragment method of moss planting remained similar to the previous 
experiments.  All the trays were set up at the greenhouse.  After the soil, polymers, Osmocote, B. 
indica and moss was planted by the fragment method, the moss was pressed firmly against the 
soil.  Water was sprayed daily as mist and it was ensured that the soil planted with moss was 
always moist.  
3.2.6. Experiment #5 
The moss for this experiment was collected from Montana Tech’s campus and was 
planted by following the fragment method.  The soil used for this experiment was the indoor soil 
#1.  
Three trays of identical treatment application rates and moss propagation methods were 
set up at the greenhouse.  The treatment solution was prepared by properly mixing 50 ml of 
H2Pro liquid and 50 ml of water.  The treatment solution was sprayed on the trays with the soil 
and was mixed properly.  After the treatment was applied onto the three trays, the fragment 
method of moss application from the previous experiments was followed.  Water was sprayed 
daily as mist and it was ensured that the soil planted with moss was always moist.  
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3.2.7. Experiment #6 
The moss for this experiment was collected from Walkerville site and was planted by 
following the fragment method.  The soil used for this experiment was the indoor soil #2. 
The application rates and methods of application of all the treatments and trays remained 
the same as greenhouse experiment #4.  All the trays were set up at the greenhouse.  After the 
soil, polymer, Osmocote, B. indica and moss were planted by the fragment method, water was 
sprayed daily as mist, and it was ensured that the soil planted with moss was always moist. 
3.3. Outdoor Site Locations 
The experiments at the sites began after the snow melt, during May 2017.  The four sites 
proposed were: Copper I, Copper II, Ryan, and Walkerville have followed a similar experimental 
procedure.  
3.3.1. Site markings method 
At all the four sites, an even and flat area was selected for conducting the experiments. 
After the selection of the area, 3 replicates of 10 box plots for the different treatments were 
marked by using a 0.25 m2 welded metal square frame.  At the corners of each box plot, four 
bright colored red sticks were placed.  Therefore, the total box plots at a site were 10 box plots 
times three rows for replicates = 30 box plots per site.  After completion of marking and plotting 
the box plots, a bright yellow string was used to mark the entire rectangular area.  Small pink 
flags with brief information regarding the research were placed at the corners of the entire yellow 
layout at all the four sites.  
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Figure 36: Illustration of a site’s layout. 
 
 
Figure 37: Marking at the sites using a 0.25 m2 welded metal square frame. 
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3.3.2. Treatment application rates 
Setting up the 10 box plots: 
• Plot #1 is Hydrobond 
• Plot #2 is Fines 
• Plot #3 is Natural  
• Plot #4 is Hydrobond + Fines 
• Plot #5 is Fines + Naturals 
• Plot #6 is Hydrobond + Natural  
• Plot #7 is Hydrobond + Fines + Natural 
• Plot #8 is Osmocote only  
• Plot #9 is No Treatment 
• Plot #10 is B. indica  
Application rates for polymers, Osmocote and B. indica: 
Application rates at the sites have been decided from the results obtained from 
experiment #2- culture chamber.  The application rates for the experiment #2 culture chamber 
worked very well towards moss propagation; therefore, it was decided to use the similar 
application rates at the sites.  Since it was not convenient to mix the polymer with water at the 
sites as compared to the lab, the polymer solutions were prepared in the lab and were transferred 
and sealed in a Ziploc bag.  This Ziploc bag was taken to the sites and the polymer solution in 
the respective Ziploc bags were applied at the respective box plots at all the four sites.  Before 
the application of the polymers in the respective box plots, each box plot was ploughed using a 
small hand plough for approximately two to three inches in depth.  Any large stones or wood 
sticks or pinecones were removed to avoid any hindrance to the moss propagation.  
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• Plot #1 Hydrobond:  
0.0352 g of Hydrobond was mixed properly in 234 ml of distilled water for 15 minutes.  
After the prepared polymer solution was transferred from the Ziploc bag to the box plot 
#1, 2 scoops of Osmocote were added, the soil was mixed properly before the moss 
application.  
• Plot #2 Fines:  
0.0352 g of Fines was mixed properly in 117 ml of distilled water for 15 minutes.  After 
the prepared polymer solution was transferred from the Ziploc bag to the box plot #2, 2 
scoops of Osmocote were added, the soil was mixed properly before the moss 
application.  
•  Plot #3 Natural:  
The amount of natural used at the sites was doubled from the amount that was used for 
the experiment #2 culture chamber.  Therefore, 6 g of natural was measured and 
transferred to a Ziploc bag.  After the natural polymer was sprinkled at its respective box 
plot, 2 scoops of Osmocote were added, the soil was mixed properly before the planting 
moss.  
• Plot #4 Hydrobond and Fines: 
Similar to Plot #1 and #2 application, the hydrobond and fines were packed separately 
and were applied at plot #4 at the sites.  After the application of the polymers solution, 2 
scoops of Osmocote were added, the soil was mixed properly before the planting moss.  
• Plot #5 Fines and Natural: 
67 
Similar to Plot #2 and #3 application, the fines and natural were packed separately and 
were applied at plot #5 at the sites.  After the application of the polymers, 2 scoops of 
Osmocote were added, the soil was mixed properly before the planting moss.  
• Plot #6 Hydrobond and Natural:  
Similar to Plot #1 and #3 application, the hydrobond and natural were packed separately 
and were applied at plot #6 at the sites.  After the application of the polymers, 2 scoops of 
Osmocote were added, the soil was mixed properly before the planting moss.  
• Plot #7 Hydrobond, Fines and Natural: 
Similar to Plot #1, #2 and #3 application, the hydrobond, fines and natural were packed 
separately and were applied at plot #7 at the sites.  After the application of the polymers, 
2 scoops of Osmocote were added, the soil was mixed properly before the planting moss.  
• Plot #8 Osmocote only: 
Only two scoops of Osmocote were added on the soil without any polymer.  The soil was 
mixed properly before the planting moss.  
• Plot #9 No treatment:  
No treatment was applied, the soil was tilted before planting the moss.  
• Plot #10 B. indica: 
B. indica was transferred to the spray bottle.  33ml of which was sprayed at all the box 
plots #10 at all the four sites.  The moss was planted after the B. indica was sprayed.  
3.3.3. Moss planting method 
The planting of moss at all the four sites was followed by the clump method (Martin 
2015).  Moss was collected at the respective sites and was cut into circular clumps of 
approximately two inches in diameter.  Five moss clumps were used to plant at every plot, four 
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clumps were planted at all the four corners, and one clump was planted in the middle of every 
box plot.  After the moss was planted, every plot was pressed to ensure that the moss was well in 
contact with the soil.  All the planted moss at the four sites received water only through natural 
precipitation.  
 
Figure 38: Illustration of the clump method at Copper II site. 
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3.3.4. Sites with markings 
3.3.4.1. Copper I 
 
Figure 39: Copper I site with geographic information, planted moss, and markings. 
 
 
Figure 40: Copper I site with markings. 
70 
 
Figure 41: Copper I site with planted moss and markings. 
 
3.3.4.2. Copper II 
 
Figure 42: Copper II site with geographic information and markings. 
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Figure 43: Copper II site with markings. 
 
3.3.4.3. Ryan 
 
Figure 44: Ryan site with geographic information and markings. 
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Figure 45: Ryan site with planted moss and markings. 
  
 
Figure 46: View of Ryan site from the road. 
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3.3.4.4. Walkerville 
 
Figure 47: Walkerville site with geographic information, planted moss, and markings. 
 
 
 
 
Figure 48: Walkerville site markings. 
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Figure 49: Walkerville site with planted moss and markings. 
 
3.4. Data Collection and Sampling 
Moss and soil samples were collected from all the four sites and from the culture 
chamber periodically.  It was decided to choose the simple randomized method for collecting soil 
(Hurst et al. 2002).  Moss was also collected using the similar procedure.  The randomized 
method was chosen to improve the accuracy of the results.  The moss and the soil were collected 
in a clear Ziploc bag from all the four sites and from the culture chamber periodically.  Soil in 
the Ziploc bags were collected by picking tiny amounts of soil randomly at a site for better 
accuracy of results.  Moss was collected by collecting random moss samples and chopping the 
moss fragments with minimal dirt and transferring the moss fragments to a clear Ziploc bag.  The 
four different mosses collected from the sites were placed in separate Ziploc bags.  All the Ziploc 
bags with soil and moss were labeled appropriately and were left to dry at room temperature for 
3 days in the lab.  
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Propagation data of the moss was collected in the form of the height, percentage of area 
coverage, overall health, and color as green or yellow.  Propagation data of moss was collected at 
the culture chamber, sites and at the greenhouse.  Data was also collected for the height of grass 
if they grew in any of the trays in the culture chamber. 
Heavy metal contaminants in the moss and the soil was analyzed by the University of 
Georgia’s Laboratory for Environmental Analysis.  The sealed bags, which were marked 
appropriately were sent to University of Georgia for analysis of the heavy metal contaminants in 
the soil and in the moss. 
Heavy metal contaminants of the moss were also analyzed using the X-ray fluorescence 
(XRF) handgun provided by the Montana Tech’s Environmental Engineering department.  The 
XRF gun was pointed on the dried moss and the dried soil samples in the Ziploc bags.  By 
following the instructions to use the XRF gun, the data for heavy metal contaminants in the moss 
and the soil were collected periodically.  
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4. Results 
4.1. Culture Chamber 
4.1.1. Experiment #1- Badger Mine Soil 
4.1.1.1. Propagation of moss 
Figure 50 illustrates the average height of the moss growing in the trays at the culture 
chamber. The x-axis is the treatment and the y-axis is the height of the moss in mm.  The results 
in the figure 50 show the height of the moss growing under the influence of the nine treatments.  
It can be observed that moss did not grow in treatments one, two four and nine.  The moss height 
remained constant in treatments three, five, six, seven and eight. 
 
 
Figure 50: Average Height of the Moss growing on the Badger Mine Site’s soil. 
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Figure 51 illustrates the percent of coverage of moss and moss protonema growing in the 
trays at the culture chamber.  The x-axis is the time in days and the y-axis is the percent of 
coverage.  The results in the figure 51 show the percent of coverage of moss and moss 
protonema under the influence of the nine treatments.  The moss propagation is not noticeably 
observed but the coverage of moss protonema has increased from day 60.  
 
 
Figure 51: Average Percent Coverage of Moss and Moss Protonema using the Badger Mine Site soil. 
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4.1.1.2. Propagation of grass 
Figure 52 illustrates the average height of the grass growing in the trays at the culture 
chamber.  The x-axis is the treatment and the y-axis is the height of the grass in mm.  The results 
in the figure 52 show the height of the grass growing under the influence of the nine treatments. 
The grass was observed to grow from the 30th day.  It can be observed that the grass is mainly 
noticed to grow in treatments where the polymer “natural” was present.  The height of the grass 
was noticed to grow to almost 150 mm in height in treatment seven by the 90th day.   
 
 
Figure 52: Average Height of the Grass. 
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Figure 53 illustrates the percent of coverage of grass in the trays at the culture chamber. 
The x-axis is the treatment and the y-axis is the percentage of cover.  The results in the figure 53 
show the percent of coverage of grass under the influence of the nine treatments.  The 
propagation of grass is greatly observed wherever the “natural” treatment was present.  
 
 
Figure 53: Average Percent Coverage of Grass. 
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4.1.2. Experiment #2- Copper II Soil 
4.1.2.1. Propagation of moss 
Figure 54 illustrates the average height of the moss growing in the trays at the culture 
chamber with the Copper II soil.  The x-axis is the treatment and the y-axis is the height of the 
moss in mm.  The results in the figure 54 show the height of the moss growing under the 
influence of the ten treatments.  It can be observed that moss grew in all the treatments.  The 
height of the moss grew significantly higher in the trays seven to ten than compared to the 
remaining trays.   
 
 
Figure 54: Average Height of the Moss. 
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Figure 55 illustrates the percent of coverage of moss growing in the trays at the culture 
chamber with Copper II soil.  The x-axis is the time in days and the y-axis is the percent of 
coverage of moss.  The results in the figure 55 show the percent of coverage of moss under the 
influence of the ten treatments.  The moss propagation is significantly noticeable in all the ten 
treatments.  The trays that contained the hydrophilic polymers and Osmocote have the moss 
coverage to almost 100%.  Whereas, the trays with no polymers or Osmocote present, have the 
moss coverage to approximately 80%.  The coverage of moss in all the trays was observed by the 
30th day of planting the moss.  The percent of coverage of the moss declined to 75% to 80% from 
100% in the trays that contained the hydrophilic polymers.  The percent of coverage of moss 
remained constant in the trays where the hydrophilic polymers were not present with treatment 
seven being an exception.  
 
 
Figure 55: Average Percent Coverage of Moss. 
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4.1.2.2. Experiment #2 (Copper II soil) before and after pictures: (One-month 
difference) 
 
Figure 56: Tray #1 (17 April 2017).                     Figure 57: Tray #1 (17 May 2017). 
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Figure 58: Tray #2 (17 April 2017).                     Figure 59: Tray #2 (17 May 2017). 
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Figure 60: Tray #3 (17 April 2017).                Figure 61: Tray #3 (17 May 2017). 
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Figure 62: Tray #4 (17 April 2017).                   Figure 63: Tray #4 (17 May 2017). 
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Figure 64: Tray #5 (17 April 2017).                             Figure 65: Tray #5 (17 May 2017). 
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Figure 66: Tray #6 (17 April 2017).           Figure 67: Tray #6 (17 May 2017). 
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Figure 68: Tray #7 (17 April 2017).                             Figure 69: Tray #7 (17 May 2017). 
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Figure 70: Tray #8 (17 April 2017).                 Figure 71: Tray #8 (17 May 2017). 
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Figure 72: Tray #9 (17 April 2017).                           Figure 73: Tray #9 (17 May 2017). 
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Figure 74: Tray #10 (17 April 2017).                  Figure 75: Tray #10 (17 May 2017). 
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4.1.3. Experiment #3- Plugs 
4.1.3.1. Propagation of moss 
Figure 76 illustrates the average height of the moss growing on the plugs in the trays in 
the culture chamber.  The x-axis is the time in days and the y-axis is the height of the moss in 
mm.  It can be observed that the moss grew steadily from day 0 on the plugs at an average rate of 
approximately 4.5 mm per month (day 0 to day 30 height = 3.5mm, day 30 to day 61 height= 
7.5mm, day 61 to day 91 height= 2.5mm.  Average= (3.5+7.5+2.5)/3 = 4.5mm).  At 91st day, the 
average height of the moss was observed to be approximately 15 mm which is the maximum 
height for vegetative growth observed (gametophyte) for this species.  
 
 
Figure 76: Average height of the moss on plugs. 
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Figure 77 illustrates the percent of coverage of moss growing on the plugs in the trays in 
the culture chamber.  The x-axis is the time in days and the y-axis is the percent of coverage of 
moss on the plugs.  It can be observed that the moss coverage increased between day 30 and day 
61.  After the 61st day, the coverage of the moss on the plugs remained constant.  The moss 
coverage on the plugs on the first day was 25% and was approximately 75% on the 61st day.  
 
 
Figure 77: Average percent coverage of moss. 
94 
4.1.3.2. Pictures of plugs before and after (two months’ difference) 
 
Figure 78. 
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Figure 79. 
 
Figure 78 was taken when the moss was planted on the plugs; figure 79 was taken after 
two months.  After two months, the moss was growing well and looking healthy. 
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Figure 80: Picture of the plugs taken after two 
months of planting moss. 
Figure 81: Close picture of the plugs taken after two months of planting moss. 
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4.2. Greenhouse 
4.2.1. Experiment #1- (Fragment method) 
4.2.1.1. Propagation of moss 
Figure 82 illustrates the average height of the moss growing in the trays at the greenhouse 
with the indoor soil #1.  The x-axis is the treatment and the y-axis is the height of the moss in 
mm.  The results in the figure 82 show the height of the moss growing under the influence of the 
ten treatments.  It can be observed that moss height in all the treatments remained constant and 
not much significant change in moss height is observed from the day 0 to the 30th day.  
 
 
Figure 82: Average Height of the Moss. 
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Figure 83 illustrates the average percent of coverage of moss growing in the trays at the 
greenhouse with the indoor soil #1.  The x-axis is the treatment and the y-axis is the percent of 
coverage of moss.  The results in the figure 83 show the percent of moss coverage growing under 
the influence of the ten treatments.  It can be observed that moss coverage remained almost 
constant in all the treatments from the day 0 to the 30th day.  
 
 
Figure 83: Average Percent Coverage of Moss. 
99 
4.2.2. Experiment #2 (Clump method) 
4.2.2.1. Propagation of moss 
Figure 84 illustrates the average height of the moss growing in the trays at the greenhouse 
with the indoor soil #1.  The x-axis is the treatment and the y-axis is the height of the moss in 
mm.  The results in the figure 84 show the height of the moss growing under the influence of the 
ten treatments.  It can be observed that moss height increased from the day 0 to the 30th day. 
After the 30th day, the height of the moss remained constant.   
 
 
Figure 84: Average Height of the Moss. 
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Figure 85 illustrates the average percent of coverage of moss growing in the trays at the 
greenhouse with the indoor soil #1.  The x-axis is the treatment and the y-axis is the percent of 
coverage of moss.  The results in the figure 85 show the percent of coverage of moss growing 
under the influence of the ten treatments.  It can be observed that moss coverage remained 
almost constant in the treatments one, two, seven, eight, nine, and ten.  The percent of coverage 
of moss is observed to increase in treatments three, four, five, and six.  
 
 
Figure 85: Average Percent Coverage of Moss. 
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4.2.3. Experiment #4- Greenhouse (Fragment method) 
4.2.3.1. Propagation of moss 
Figure 86 illustrates the average height of the moss growing in the trays at the greenhouse 
with the indoor soil #1.  The x-axis is the treatment and the y-axis is the height of the moss in 
mm.  The results in the figure 86 show the height of the moss growing under the influence of the 
ten treatments.  It can be observed that moss height remained constant from the day 0 to the 30th 
day and the color of the moss turned brown from green.  
 
Figure 86: Average Height of the Moss. 
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Figure 87 illustrates the average percent of coverage of moss growing in the trays at the 
greenhouse with the indoor soil #1.  The x-axis is the treatment and the y-axis is the percent of 
coverage of moss.  The results in the figure 87 show the percent of coverage of moss growing 
under the influence of the ten treatments.  It can be observed that moss coverage remained 
almost constant in all the treatments.  The color of the moss turned brown from green.   
 
 
Figure 87: Average Percent Coverage of Moss. 
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4.2.4. Experiment #5- H2Pro Treatment 
4.2.4.1. Propagation of moss 
Figure 88 illustrates the average height of the moss growing in the trays at the greenhouse 
with the indoor soil #1.  The x-axis is the three trays of H2Pro treatments and the y-axis is the 
height of the moss in mm.  The results in the figure 88 show the height of the moss was 1 mm on 
the day 0 and no moss was noticed on the 30th day.  It was noticed that the moss color turned 
brown from green within three days despite keeping the soil in the trays moist.  
 
 
Figure 88: Average Height of the Moss. 
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Figure 89 illustrates the average percent coverage of moss growing in the trays at the 
greenhouse with the indoor soil #1.  The x-axis is the three trays of H2Pro treatments and the y-
axis is the percent of coverage of moss in the trays.  It can be observed that there was no 
coverage of moss on the 30th day and it was noticed that the moss color turned brown from green 
within three days despite keeping the soil in the trays moist.  
 
 
Figure 89: Average Percent Coverage of Moss. 
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4.2.5. Experiment #6- Greenhouse (Fragment method) 
4.2.5.1. Propagation of moss 
Figure 90 illustrates the average height of the moss growing in the trays at the greenhouse 
with the indoor soil #2.  The x-axis is the treatment and the y-axis is the height of the moss in 
mm.  The results in the figure 90 show the height of the moss growing under the influence of the 
ten treatments.  It can be observed that moss height in all the treatments remained constant and 
not much significant change in moss height is observed from the day 0 to the 30th day.  
 
 
Figure 90: Average Height of the Moss. 
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Figure 91 illustrates the average percent of coverage of moss growing in the trays at the 
greenhouse with the indoor soil #2.  The x-axis is the treatment and the y-axis is the percent of 
coverage of moss.  The results in the figure 91 show the percent of coverage of moss growing 
under the influence of the ten treatments.  It can be observed that moss coverage remained 
almost constant in all the treatments from the day 0 to the 30th day.  
 
 
Figure 91: Average Percent Coverage of Moss. 
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4.3. Outdoor Site Locations 
4.3.1. Digestion and Analysis of heavy metal contaminants in soils and 
moss 
4.3.1.1. Magnesium (Mg) 
Figure 92 illustrates the concentration of Magnesium (Mg) in soil and moss collected 
from the four locations on the first day and the 184th day.  The concentration of Mg in soil and in 
moss collected from all the four locations increased by the 184th day. 
 
 
Figure 92: Digestion and Analysis of Magnesium (Mg) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.2. Aluminum (Al) 
Figure 93 illustrates the concentration of Aluminum (Al) in soil and moss collected from 
the four locations on the first day and the 184th day.  It can be observed that the concentration of 
Al in soil at the four locations increased by the 184th day.  The concentration of Al in moss 
increased at all locations except at Walkerville and Ryan.  The concentration of Al in soil at the 
four locations increased by the 184th day.  The concentration of Al in moss increased at all 
locations except at Walkerville and Ryan.  The concentration of Al in moss decreased at 
Walkerville and Ryan despite the increase in concentration of Al in the soil at these locations.   
 
 
Figure 93: Digestion and Analysis of Aluminum (Al) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.3. Chromium (Cr) 
Figure 94 illustrates the concentration of Chromium (Cr) in soil and moss collected from 
the four locations on the first day and the 184th day.  It can be observed that the concentration of 
Cr in soil increased at all locations except at Ryan by the 184th day.  The concentration of Cr in 
moss increased at all locations except at Ryan.  The concentration of Cr in moss at Copper I 
location increased approximately by four times.  The concentration of Cr in soil increased at all 
locations except at Ryan by the 184th day. 
 
 
Figure 94: Digestion and Analysis of Chromium (Cr) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.4. Manganese (Mn) 
Figure 95 illustrates the concentration of Manganese (Mn) in soil and moss collected 
from the four locations on the first day and the 184th day.  It can be observed that the 
concentration of Mn in soil increased at Copper I and Walkerville locations and decreased at 
Copper II and Ryan by the 184th day.  The concentration of Mn in moss decreased at all locations 
except at Walkerville.  The concentration of Mn in soil increased at Copper I and Walkerville 
locations and decreased at Copper II and Ryan by the 184th day. 
 
 
Figure 95: Digestion and Analysis of Manganese (Mn) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.5. Iron (Fe) 
Figure 96 illustrates the concentration of Iron (Fe) in soil and moss collected from the 
four locations on the first day and the 184th day.  It can be observed that the concentration of Fe 
in soil decreased at all locations except at Walkerville.  The concentration of Fe in moss 
increased at Copper I and Ryan and decreased at Copper II and Walkerville.  The concentration 
of Fe in soil decreased at all locations except at Walkerville.  
 
 
Figure 96: Digestion and Analysis of Iron (Fe) in soil and moss collected at Copper I, Copper II, Walkerville, 
and Ryan. 
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4.3.1.6. Nickel (Ni) 
Figure 97 illustrates the concentration of Nickel (Ni) in soil and moss collected from the 
four locations on the first day and the 184th day.  It can be observed that the concentration of Ni 
in soil increased at all the locations except at Copper I.  The concentration of Ni in moss 
increased at all locations except Ryan.  The concentration of Ni in moss at Copper I increased by 
almost four times and increased by approximately two times at Copper II.  The concentration of 
Ni in soil increased at all the locations except at Copper I. 
 
 
Figure 97: Digestion and Analysis of Nickel (Ni) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.7. Copper (Cu) 
Figure 98 illustrates the concentration of Copper (Cu) in soil and moss collected from the 
four locations on the first day and the 184th day.  It can be observed that the concentration of Cu 
in soil decreased at all the locations.  The concentration of Cu in moss also decreased at all 
locations.  The concentration of Cu in soil decreased at all the locations except at Copper II. 
 
 
Figure 98: Digestion and Analysis of Copper (Cu) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.8. Zinc (Zn) 
Figure 99 illustrates the concentration of Zinc (Zn) in soil and moss collected from the 
four locations on the first day and the 184th day.  It can be observed that the concentration of Zn 
in soil decreased at all the locations except at Copper I and Walkerville.  The concentration of Zn 
in moss decreased at all locations except at Copper I.  The concentration of Zn in soil decreased 
at all the locations except at Copper I and Walkerville. 
 
 
Figure 99: Digestion and Analysis of Zinc (Zn) in soil and moss collected at Copper I, Copper II, Walkerville, 
and Ryan. 
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4.3.1.9. Arsenic (As) 
Figure 100 illustrates the concentration of Arsenic (As) in soil and moss collected from 
the four locations on the first day and the 184th day.  It can be observed that the concentration of 
As in soil decreased at all locations except at Copper I.  The concentration of As in moss 
increased at all locations except at Copper II.  The concentration of As in soil decreased at all 
locations except at Copper I and Copper II. 
 
 
Figure 100: Digestion and Analysis of Arsenic (As) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
116 
4.3.1.10. Cadmium (Cd) 
Figure 101 illustrates the concentration of Cadmium (Cd) in soil and moss collected from 
the four locations on the first day and the 184th day.  It can be observed that the concentration of 
Cd in soil decreased at all the locations.  The concentration of Cd in moss also decreased at all 
locations.  The concentration of Cd in soil decreased at all the locations. 
 
 
Figure 101: Digestion and Analysis of Cadmium (Cd) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.1.11. Lead (Pb) 
Figure 102 illustrates the concentration of Lead (Pb) in soil and moss collected from the 
four locations on the first day and the 184th day.  It can be observed that the concentration of Pb 
in soil decreased at all the locations except at Copper II.  The concentration of Pb in moss 
increased at all locations except at Walkerville.  The concentration of Pb in soil decreased at all 
the locations except at Copper II. 
 
 
Figure 102: Digestion and Analysis of Lead (Pb) in soil and moss collected at Copper I, Copper II, 
Walkerville, and Ryan. 
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4.3.2. Analysis of particle size of soil 
 
Table II: Particle size results for all four sites. 
Sample 
% 
Sand 
% 
Clay 
% Silt 
Copper I Soil 78 10 12 
Copper II Soil 78 10 12 
Walkerville 
Soil 70 18 12 
Ryan Soil 76 12 12 
4.3.3. Analysis of total Carbon, Nitrogen and Sulfur in soil 
 
Table III: Analysis of Total Carbon, Nitrogen, and Sulfur in soil. 
S.No. Sample ID 
TN 
% 
TC 
% 
TS 
% 
1 Copper I soil 0.06 0.82 0.095 
2 
Copper II 
soil 0.03 0.27 <0.02 
3 
Wallerville 
soil 0.04 0.67 0.33 
4 Ryan soil 0.03 0.45 0.25 
4.3.4. LaMotte analysis of soil 
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4.3.4.1. Copper I 
 
Table IV: LaMotte Analysis of Copper I Soil. 
Test # Test Name Result Units 
1 pH 5.2   
2 
Nitrate 
Nitrogen 150 Pounds/Acre 
3 
Potassium 
(potash) 300 Pounds/Acre 
4 Phosphorous 150 
Pounds/Acre available 
Phosphorous 
5 Humus 5 (very high- Red color) 
6 Magnesium 
Very 
Low   
7 Calcium 700 ppm replaceable Calcium 
8 Sulfate ~0 ppm Sulfate 
9 Aluminum Medium   
10 Chlorides 25   
11 Ferric Iron 15 Pounds/Acre 
12 Nitrite Nitrogen 1 ppm Nitrite Nitrogen 
13 
Ammonia 
Nitrogen Low   
14 Manganese  
Very 
High   
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4.3.4.2. Copper II 
 
Table V: LaMotte Analysis of Copper II Soil. 
Test # Test Name Result Units 
1 pH 8.4 
 
2 
Nitrate 
Nitrogen 40 Pounds/Acre 
3 
Potassium 
(potash) 330 Pounds/Acre 
4 Phosphorous 200 
Pounds/Acre available 
Phosphorous 
5 Humus 1 (very high- Red color) 
6 Magnesium 
Very 
Low 
 7 Calcium 2800 ppm replaceable Calcium 
8 Sulfate ~0 ppm Sulfate 
9 Aluminum Medium 
 10 Chlorides 25 
 11 Ferric Iron 5 Pounds/Acre 
12 Nitrite Nitrogen 1 ppm Nitrite Nitrogen 
13 
Ammonia 
Nitrogen 
Very 
Low 
 14 Manganese Low 
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4.3.4.3. Ryan 
 
Table VI: LaMotte Analysis of Ryan Soil. 
Test # Test Name Result Units 
1 pH 5.4 
 
2 
Nitrate 
Nitrogen 40 Pounds/Acre 
3 
Potassium 
(potash) 300 Pounds/Acre 
4 Phosphorous 100 
Pounds/Acre available 
Phosphorous 
5 Humus 5 (very high- Red color) 
6 Magnesium 
Very 
Low 
 7 Calcium 1400 ppm replaceable Calcium 
8 Sulfate 250 ppm Sulfate 
9 Aluminum Medium 
 10 Chlorides 50 
 11 Ferric Iron 5 Pounds/Acre 
12 Nitrite Nitrogen 1 ppm Nitrite Nitrogen 
13 
Ammonia 
Nitrogen 
Very 
Low 
 14 Manganese High 
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4.3.4.4. Walkerville 
 
Table VII: LaMotte Analysis of Walkerville Soil. 
Test # Test Name Result Units 
1 pH 5.2 
 
2 
Nitrate 
Nitrogen 60 Pounds/Acre 
3 
Potassium 
(potash) 240 Pounds/Acre 
4 Phosphorous 75 
Pounds/Acre available 
Phosphorous 
5 Humus 4 (very high- Red color) 
6 Magnesium 
Very 
Low 
 7 Calcium 1400 ppm replaceable Calcium 
8 Sulfate 250 ppm Sulfate 
9 Aluminum Medium 
 10 Chlorides 25 
 11 Ferric Iron 5 Pounds/Acre 
12 Nitrite Nitrogen 1 ppm Nitrite Nitrogen 
13 
Ammonia 
Nitrogen 
Very 
Low 
 
14 Manganese 
Very 
High 
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4.3.5. Propagation at sites 
4.3.5.1. Copper II 
Figure 103 illustrates the percent of coverage of moss growing in the box plots at the 
Copper II site.  The x-axis is the time in days and the y-axis is the percent of coverage of moss. 
The results in the figure 103 show the percent of coverage of moss under the influence of the ten 
treatments.  The moss propagation is noticed to be constant over all the ten treatments.  As it was 
noticed that the moss coverage did not increase, it was also being observed that the moss did not 
go into the dormant stage and the color of the moss did not turn brown from green.  
 
 
Figure 103: Average Percent Coverage of Moss at Copper II Site. 
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Figure 104 illustrates the percent of coverage of other native and non-native plants in the 
box plots at the Copper II site.  The x-axis is the time in days and the y-axis is the percent of 
coverage of moss.  The results in the figure 104 show the percent of coverage of the plants under 
the influence of the ten treatments.  It can be observed that all the box plots have approximately 
20% of other plants growing in them.  
 
 
Figure 104: Average Percent Coverage of other native and non-native plants at Copper II Site. 
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4.3.5.2. Picture showing the progress of moss and other plant growth at 
Copper II site.  
 
Figure 105: Comparison of the moss and other plant growth at Copper II site.  The yellow outline 
is the area where the polymer application and the planting of moss was done.  The red outline is 
just used for comparison; no experiment was done at this area. 
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4.3.6. XRF Analysis of heavy metal contaminants in soil and moss 
collected from Copper II site 
4.3.6.1. Molybdenum (Mo) 
Figure 106 illustrates how the concentration of the heavy metal Molybdenum (Mo) in the 
soil away from moss, soil under the moss and in moss changes over time.  It can be observed that 
the concentration of Mo in soil away from the moss fluctuated more than compared to the 
concentrations of Mo in soil under the moss and in moss.  The concentration of Mo in soil under 
the moss remained very stable as compared to the two other concentrations.  The concentration 
of Mo in just moss and soil under the moss were not noticed to decline even though there was a 
decline in weeks one to seven in the soil away from moss.  On the contrary, the concentration of 
Mo was noticed to slightly increase in week five in both the soil under the moss and in moss 
when the concentration of soil away from the moss increased.  
 
 
Figure 106: Concentration of Molybdenum (Mo) in soil away from moss, soil under the moss and in moss 
over time. 
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4.3.6.2. Zirconium (Zr) 
Figure 107 illustrates how the concentration of the heavy metal Zirconium (Zr) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Zr in soil away from the moss went up eventually as compared to the compared 
to the concentrations of Zr in soil under the moss and in moss.  The concentration of Zr in moss 
and soil under the moss were not noticed to increase from week three to seven even though the 
concentration of Zr in soil away from the moss increased.   
 
 
Figure 107: Concentration of Zirconium (Zr) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.3. Strontium (Sr) 
Figure 108 illustrates how the concentration of the heavy metal Strontium (Sr) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Sr in soil away from the moss remained very stable than compared to the 
concentrations of Sr in soil under the moss and in moss.  The concentration of Sr in just moss 
and soil under the moss were noticed to increase as the concentration of Sr in the soil away from 
the moss increased in week seven.  
 
 
Figure 108: Concentration of Strontium (Sr) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.4. Rubidium (Rb) 
Figure 109 illustrates a how the concentration of the heavy metal Rubidium (Rb) in the 
soil away from moss, soil under the moss and in moss changes over time.  It can be observed that 
the concentration of Rb in soil away from the moss fluctuated more than compared to the 
concentrations of Rb in soil under the moss and in moss.  The concentration of Rb in just moss 
and soil under the moss was not noticed to increase even though there was an increase in week 
three to seven in the soil away from moss.  On the contrary, the concentration of Rb was noticed 
to remain same in moss and soil under the moss in week three even though the concentration of 
Rb decreased.   
 
 
Figure 109: Concentration of Rubidium (Rb) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.5. Lead (Pb) 
Figure 110 illustrates how the concentration of the heavy metal Lead (Pb) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Pb in soil away from the moss fluctuated more than compared to the 
concentrations of Pb in soil under the moss and in moss.  The concentration of Pb in moss was 
not noticed to decrease when the concentration of Pb in soil away from the moss decreased in 
week three and week seven.  Overall, the concentration of Pb in moss and in the soil under the 
moss were stable than compared to soil away from the moss.  
 
 
Figure 110: Concentration of Lead (Pb) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.6. Selenium (Se) 
Figure 111 illustrates how the concentration of the heavy metal Selenium (Se) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that 
there was an increase in all the three concentrations in week seven.  The concentration of Se in 
soil away from the moss fluctuated less compared to the concentration of Se in moss and soil 
under the moss.  
 
 
Figure 111: Concentration of Selenium (Se) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.7. Arsenic (As) 
Figure 112 illustrates how the concentration of the heavy metal Arsenic (As) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of As in soil away from the moss increased drastically from week five to week 
seven.  The concentration of As in just moss and soil under the moss were noticed to remain 
constant despite the steep increase in concentration of As in soil away from the moss in week 
seven.  
 
 
Figure 112: Concentration of Arsenic (As) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.8. Mercury (Hg) 
Figure 113 illustrates how the concentration of the heavy metal Mercury (Hg) the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Hg in soil away from the moss, soil under the moss and in moss fluctuated a lot. 
The concentration of Hg in soil under the moss and in moss increased from week five to week 
seven even though the concentration of Hg in soil away from the moss slightly decreased.  
 
 
Figure 113: Concentration of Mercury (Hg) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.9. Zinc (Zn) 
Figure 114 illustrates how the concentration of the heavy metal Zinc (Zn) in the soil away 
from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Zn in soil away from the moss and in moss increased in week five despite the 
concentration of Zn in soil away from the moss being low.  The concentration of Zn in the moss 
and soil under the moss were noticed to drop despite increase in concentration in soil away from 
the moss in week seven.  
 
 
Figure 114: Concentration of Zinc (Zn) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.10. Copper (Cu) 
Figure 115 illustrates how the concentration of the heavy metal Copper (Cu) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Cu in moss increased in week three and there was in increase in concentration 
of Cu in moss and soil under the moss in week seven.  The concentration of Cu in soil away from 
the moss almost remained constant.   
 
 
Figure 115: Concentration of Copper (Cu) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.11. Nickel (Ni) 
Figure 116 illustrates how the concentration of the heavy metal Nickel (Ni) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that 
there was a decrease in all the three concentrations in week seven.  The concentration of Ni in 
soil away from the moss fluctuated less compared to the concentration of Ni in moss and soil 
under the moss.  The concentration of Ni in soil under the moss was observed to increase in 
week three and eventually decreased in week seven.  
 
 
Figure 116: Concentration of Nickel (Ni) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.12. Cobalt (Co) 
Figure 117 illustrates how the concentration of the heavy metal Cobalt (Co) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Co in soil away from the moss fluctuated more than compared to the 
concentrations of Co in soil under the moss and in moss.  The concentration of Co in moss did 
not decrease when the concentration of Co in soil away from the moss decreased in week five. 
Moreover, it was noticed to increase when the concentration of Co in soil away from the moss 
increased from week five to seven.  The concentration of Co in soil under the moss remained 
constant.  
 
 
Figure 117: Concentration of Cobalt (Co) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.13. Iron (Fe) 
Figure 118 illustrates how the concentration of the heavy metal Iron (Fe) in the soil away 
from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Fe in soil away from the moss fluctuated more than compared to the 
concentrations of Fe in soil under the moss and in moss.  The concentration of Fe in moss was 
noticed to increase when the concentration of Fe in soil away from the moss decreased in week 
three.  The concentration of Fe in soil under the moss remained almost constant.  
 
 
Figure 118: Concentration of Iron (Fe) in soil away from moss, soil under the moss and in moss over time. 
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4.3.6.14. Manganese (Mn) 
Figure 119 illustrates how the concentration of the heavy metal Manganese (Mn) in the 
soil away from moss, soil under the moss and in moss changes over time.  It can be observed that 
the concentration of Mn in soil away from the moss and soil under the moss fluctuated more than 
compared to the concentration of Mn in moss.  The concentration of Mn in moss was noticed to 
increase when the concentration of Mn in soil away from the moss increased in week five.  
 
 
Figure 119: Concentration of Manganese (Mn) in soil away from moss, soil under the moss and in moss over 
time. 
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4.3.6.15. Chromium (Cr) 
Figure 120 illustrates how the concentration of the heavy metal Chromium (Cr) in the soil 
away from moss, soil under the moss and in moss changes over time.  It can be observed that the 
concentration of Cr in soil away from the moss, soil under the moss and in moss remained almost 
constant.  
 
 
Figure 120: Concentration of Chromium (Cr) in soil away from moss, soil under the moss and in moss over 
time. 
141 
5. Discussion 
5.1. Culture Chamber 
5.1.1. Experiment #1- Badger Mine Soil 
The moss height remained constant in treatments three, five, six, seven, and eight.  The 
moss did not grow in any other treatments.  Treatments three, five, six, seven, and eight had the 
hydrophilic polymer “natural” and the fertilizer Osmocote.  This suggests that the moss survived 
on these treatments because the treatment natural consists of starch and it supplies the soil with 
sugar and the fertilizer Osmocote that consists of Nitrogen, Phosphorus and Potassium provided 
nutrients to the soil.  The moss propagation is not noticeably observed but the coverage of moss 
protonema, has increased from day 60.  
The grass is mainly noticed to grow in treatments where the polymer “natural” was 
present.  The nutrients from the fertilizer Osmocote and the starch from the natural treatment 
provided support for the growth and propagation of the grass.  The other two hydrophilic 
polymers; hydrobond and fines helped retain moisture in the soil, therefore supplying the moss, 
moss protonema and the grass with water as the plant loses its moisture content.  
 
5.1.2. Experiment #2- Copper II Soil 
The height of the moss grew significantly higher in the trays seven to ten than compared 
to the remaining trays.  Especially trays seven, nine, and ten had the tallest moss growing 
compared to the remaining trays.  
The moss propagation is significantly noticeable in all the ten treatments.  All trays 
except trays eight, nine, and ten had 100% moss coverage after the 30th day of planting the moss. 
Trays one to seven contained the Osmocote and hydrophilic polymers therefore, the water 
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retaining capacity in these trays was very good.  This good water retaining capacity significantly 
contributed to the propagation of moss protonema and moss.  In tray eight, the moss on the right 
side of the tray turned brown and did not contribute to moss propagation; this could be due to 
insufficient water supply to the moss fragments at the initial stage of moss growth.  Trays nine 
and ten did not consist of the hydrophilic polymers hence, the water retaining capacities in the 
trays were low compared to the trays that had the hydrophilic polymers.  As a result, the moss 
propagation was not as much as compared to the remaining trays that contained the hydrophilic 
polymers, but the height of the moss was noticed to be much taller.  
After the 30th day, there was a decline in moss propagation in the trays that contained the 
hydrophilic polymers.  This occurred because the polymers have retained water so well that they 
allowed fungus to grow in the trays.  This fungus acted as a pathogen and feed on the moss to 
survive, thereby declining the percentage of moss coverage from the 30th day.  After the fungus 
growth was identified in the trays, water supply to the trays that had the fungus growth was 
completely stopped in attempt to get rid of the fungus.  However, the trays that did not have any 
fungal growth were regularly watered.  This is the reason why the height in the trays one to 
seven were almost constant and there was an increase in height in trays eight to ten.  
 
5.1.3. Experiment #3- Plugs 
The plugs were originally soaked in moisture and had enough water in them to sustain the 
moss.  Consequently, they did not require continuous water supply.  As a result, moss grew 
steadily on the plugs averaging an increase in height of 4.5 mm per month.  At the 91st day, the 
average height of the moss was observed to be approximately 15 mm.  It can be observed that the 
moss coverage increased steadily on the plugs until the 61st day.  After the 61st day, the coverage 
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of the moss on the plugs remained constant.  The moss coverage on the plugs on the first day was 
25%, and it was approximately 75% on the 61st day.  The propagation of moss on the plugs was 
limited as the plugs were small and the moss did not have much room to propagate.  
Overall, the moss grew well on the plugs and was very healthy (figures 76, 77, 79, 80 and 
81).  These plugs can be transplanted to the field when the snow is gone, since the moss growing 
on the plugs is well established, healthy, and would spread easily.  This flexi-plug substrate has 
tremendous potential for moss propagation and transplantation and is better than any medium we 
have tested to date. 
 
5.2. Greenhouse 
5.2.1. Experiment #1- (Fragment method) 
The moss height in all the treatments remained constant and not much significant change 
in moss height is observed from the day 0 to the 30th day.  Moss coverage remained almost 
constant in all the treatments from the day 0 to the 30th day.  Moss did not grow and there was no 
evidence of moss protonema in the trays.  This could be because the water supply to the trays 
was once a day in the morning and the doors of the greenhouse were closed all the time.  This 
experiment was conducted during July and August 2017, the temperature outside during this 
experiment peaked to approximately 92 degrees.  As the greenhouse doors were rolled down, the 
temperature inside the greenhouse was between 130 to 150 degrees.  The procedure of planting 
moss in this experiment was by the fragment method; the small fragments of moss became over 
heated and turned brown within five days.  The trays were later moved to the culture chamber 
and watered regularly but the moss fragments did not show any positive signs of life.  The high 
temperature inside the greenhouse negatively contributed to moss growth.  
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5.2.2. Experiment #2 (Clump method) 
As experiment #1, planting moss by the fragment method did not succeed; it was decided 
to use the second method of planting moss, the clump method.  After planting the moss, the 
doors of the greenhouse were rolled up to ensure there was wind flow so the temperature inside 
the greenhouse was not very high and to allow the moss fragments to absorb moisture from the 
atmosphere during the morning time.  Using the hose connected to a water supply, the moss in 
the trays was watered two times a day to ensure the soil was always sufficiently moist.  It was 
observed that moss height slightly increased from the day 0 to the 30th day.  After the 30th day, 
the height of the moss remained constant.  
It can also be observed that the moss coverage remained almost constant in the treatments 
one, two, seven, eight, nine, and ten.  The percent of coverage of moss is observed to slightly 
increase in treatments three, four, five, and six.  The moss height did not grow much, and the 
propagation of the moss was not significant.  This could be because the moss clumps that were 
collected did not have many sporophytes; therefore, the propagation of moss through spores 
could not be accomplished.  The color of the moss clumps started turning yellow after two weeks 
of planting.  This could be because there was excess chlorine in the water or because the soil 
quality was not appropriate for moss growth.  
 
5.2.3. Experiment #4- (Fragment method) 
Since experiment #1 and #2 did not show remarkable results, it was decided to conduct 
another fragment method of planting moss experiment.  After planting the moss, the soil was 
ensured that it was always moist.  The doors of the greenhouse continued to be opened.  It can be 
observed that 50 % of the planted moss turned brown in three days and after six days, all the 
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planted moss turned brown.  The height of the moss remained constant from the day 0 to the 30th 
day as a result; the moss coverage also remained almost constant in all the treatments.  The moss 
did not show significant growth results possibly because the soil quality was not suitable for 
moss growth.  
 
5.2.4. Experiment #5- (H2Pro Treatment) 
After application of the treatment, fragment method of planting the moss was 
implemented.  The three trays were sufficiently watered.  The following day it was observed that 
90% of the moss turned brown and the soil was very dry.  The H2Pro treatment caused the soil to 
dry out faster and contributed to changing the color of the moss to brown. 
 
5.2.5. Experiment #6- (Fragment method) 
Since the previous fragment method of planting moss did not show significant results, the 
soil for this experiment was changed to a more superior quality soil.  It can be observed that 
moss height in all the treatments remained constant and not much significant change in moss 
height is observed from the day 0 to the 30th day.  It can be observed that moss coverage 
remained almost constant in all the treatments from the day 0 to the 30th day.  The height and the 
coverage of moss propagation remained constant, but the color of the moss remained green color 
and there was some evidence of moss protonema growing in the trays.  The temperature during 
the experiment was cold and near freezing point, the hose connected to the building was exposed 
to the outside temperature and would freeze causing lack of water supply to the moss in the trays. 
As a result, the water supply was inconsistent, and the moss growth and the propagation of moss 
was limited and remained constant.  
146 
The soil #1 consisted of approximately 85% of pine bark.  Being an inhibitor to moss 
growth, pine bark did not contribute to moss propagation.  Soil #2 did not contain pine bark and 
had no time to show meaningful results as the temperatures outside were at freezing point, 
causing irregular water supply and eventually resulted in no water supply to the moss in the 
trays.  The moss growing in soil #2 did not change their color from green indicating that if the 
water supply was regular, then moss had a potential to grow.  
 
5.3. Outdoor Site Locations 
5.3.1. Digestion and Analysis of heavy metal contaminants in soil and 
moss 
Soil and moss samples were collected from all the four locations and sent to the 
University of Georgia’s Laboratory for Environmental Analysis before and after the experiments. 
The analysis was done for 11 elements: Magnesium, Aluminum, Chromium, Manganese, Iron, 
Nickel, Copper, Zinc, Arsenic, Cadmium, and Lead.  
 
5.3.1.1. Magnesium (Mg) 
The concentration of Mg in soil and in moss collected from all the four locations 
increased by the 184th day.  This could be because the wind or rains carried contaminants into the 
area.  Moss may have removed Mg from the soil and used it as an essential macronutrient. 
5.3.1.2. Aluminum (Al) 
The concentration of Aluminum (Al) in soil and moss collected from the four locations 
on the first day and the 184th day.  It can be observed that the concentration of Al in soil at the 
four locations increased by the 184th day.  The concentration of Al in moss increased at all 
locations except at Walkerville and Ryan.  The concentration of Al in soil at the four locations 
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increased by the 184th day.  The concentration of Al in moss increased at all locations except at 
Walkerville and Ryan.  The concentration of Al in moss decreased at Walkerville and Ryan 
despite the increase in concentration of Al in the soil at these locations.  This could be because 
the moss did not grow properly in the area, possibly due to infertility of the soil and very high 
acidic content in the area.  The average pH of soil in Walkerville site was 4.7.  Lack of moss 
propagation inhibits the ability of moss to sequester the metal contaminants.  
5.3.1.3. Chromium (Cr) 
The concentration of Chromium (Cr) in soil and moss collected from the four locations 
on the first day and the 184th day.  It can be observed that the concentration of Cr in soil 
increased at all locations except at Ryan by the 184th day.  The concentration of Cr in moss 
increased at all locations except at Ryan.  The concentration of Cr in moss at Copper I location 
increased approximately by four times.  The concentration of Cr in soil increased at all locations 
except at Ryan by the 184th day.  This could be because the wind or rains carried the 
contaminants into the area.  The concentration of Cr in moss increased at all locations except at 
Ryan.  Cr in moss at Ryan did not increase possibly because the moss did not grow properly in 
the area and because the concentration of Cr in the soil also decreased.  The location at Ryan was 
very steep, and the fertility of the soil was poor.  The concentration of Cr in moss at Copper I 
location increased approximately by four times.  
5.3.1.4. Manganese (Mn) 
The concentration of Manganese (Mn) in soil and moss collected from the four locations 
on the first day and the 184th day.  It can be observed that the concentration of Mn in soil 
increased at Copper I and Walkerville locations and decreased at Copper II and Ryan by the 
184th day.  The concentration of Mn in moss decreased at all locations except at Walkerville.  
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The concentration of Mn in soil increased at Copper I and Walkerville locations and decreased at 
Copper II and Ryan by the 184th day.  The concentration of Cr in soil increased and decreased in 
some locations because the wind or rains carried the contaminants into and out of the area.  The 
concentration of Mn in moss decreased at all locations except at Walkerville.  The decrease in 
concentration of Mn in moss could be because the metal contaminant Mn did not sorb on to the 
moss properly. 
5.3.1.5. Iron (Fe) 
The concentration of Iron (Fe) in soil and moss collected from the four locations on the 
first day and the 184th day.  It can be observed that the concentration of Fe in soil decreased at all 
locations except at Walkerville.  The concentration of Fe in moss increased at Copper I and Ryan 
and decreased at Copper II and Walkerville.  The concentration of Fe in soil decreased at all 
locations except at Walkerville.  The concentration of Fe in soil increase and decrease in some 
locations because the wind or rains carried the contaminants into and out of the area.  The 
concentration of Fe in moss increased at Copper I and Ryan and decreased at Copper II and 
Walkerville.   
5.3.1.6. Nickel (Ni) 
The concentration of Nickel (Ni) in soil and moss collected from the four locations on the 
first day and the 184th day.  It can be observed that the concentration of Ni in soil increased at all 
the locations except at Copper I.  The concentration of Ni in moss increased at all locations 
except Ryan.  The concentration of Ni in moss at Copper I increased by almost four times and 
increased by approximately two times at Copper II.  The concentration of Ni in soil increased at 
all the locations except at Copper I.  The increase and decrease in some locations because the 
wind or rains carried the contaminants into and out of the area.  Concentration of Ni in moss 
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increased at all locations except Ryan.  Concentration in moss at Ryan did not increase possibly 
because the moss did not grow properly in the area.  The location at Ryan was very steep, and 
the fertility of the soil was poor.  The concentration of Ni in moss at Copper I increased almost 
four times and increased by approximately two times at Copper II.  The steep increase in Ni 
concentration at Copper I and Copper II could be a result of not cleaning the dirt on the moss 
properly before sending it for analysis.  The dirt on the moss may have contributed to the high 
concentration of Ni.    
 
5.3.1.7. Copper (Cu) 
The concentration of Copper (Cu) in soil and moss collected from the four locations on 
the first day and the 184th day.  It can be observed that the concentration of Cu in soil decreased 
at all the locations.  The concentration of Cu in moss also decreased at all locations.  The 
concentration of Cu in soil decreased at all the locations except at Copper II.  The decrease in 
concentration in soil could be because the wind or rains carried the contaminants out of the areas.  
The concentration of Cu in moss decreased at all locations possibly because the surface water 
runoff washed the contaminant from the moss and because the moss did not sequester the 
contaminants properly. 
5.3.1.8. Zinc (Zn) 
The concentration of Zinc (Zn) in soil and moss collected from the four locations on the 
first day and the 184th day.  It can be observed that the concentration of Zn in soil decreased at all 
the locations except at Copper I and Walkerville.  The concentration of Zn in moss decreased at 
all locations except at Copper I.  The concentration of Zn in soil decreased at all the locations 
except at Copper I and Walkerville.  The concentration of Zn in soil increase and decrease in 
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some locations because the wind or rains carried the contaminants into and out of the area.  The 
concentration of Zn in moss decreased at all locations except at Copper I.  The concentration of 
Zn in moss decreased at all locations possibly because of surface water runoff carried the 
contaminants out and because the moss did not sequester the contaminants properly. 
5.3.1.9. Arsenic (As) 
The concentration of Arsenic (As) in soil and moss collected from the four locations on 
the first day and the 184th day.  It can be observed that the concentration of As in soil decreased 
at all locations except at Copper I.  The concentration of As in moss increased at all locations 
except at Copper II.  The concentration of As in soil decreased at all locations except at Copper I 
and Copper II.  The concentration of As in soil increase and decrease in some locations because 
the wind or rains carried the contaminants into and out of the area.  The concentration of As in 
moss increased at all locations except at Copper II.  The concentration of As in moss decreased 
at Copper II possibly because the surface water runoff carried the contaminants out and because 
the moss did not sequester the contaminants properly. 
5.3.1.10. Cadmium (Cd) 
The concentration of Cadmium (Cd) in soil and moss collected from the four locations on 
the first day and the 184th day.  It can be observed that the concentration of Cd in soil decreased 
at all the locations.  The concentration of Cd in moss also decreased at all locations.  The 
concentration of Cd in soil decreased at all the locations.  The decrease in concentration in soil 
could be because the wind or rains carried the contaminants out of the areas.  The concentration 
of Cd in moss also decreased at all locations possibly because of surface water runoff carrying 
the contaminants out of the moss and because the moss did not sequester the contaminants 
properly. 
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5.3.1.11. Lead (Pb) 
The concentration of Lead (Pb) in soil and moss collected from the four locations on the 
first day and the 184th day.  It can be observed that the concentration of Pb in soil decreased at all 
the locations except at Copper II.  The concentration of Pb in moss increased at all locations 
except at Walkerville.  The concentration of Pb in soil decreased at all the locations except at 
Copper II.  The concentration of Pb in soil increase and decrease in some locations because the 
wind or rains carried the contaminants into and out of the area.  The concentration of Pb in moss 
increased at all locations except at Walkerville.  The concentration of Pb in moss decreased at 
Walkerville possibly because of surface water runoff carrying the contaminants out of the moss 
and because the moss did not sequester the contaminants properly. 
 
5.3.2. Propagation at sites  
5.3.2.1. Copper II 
As it was noticed that the moss coverage did not increase, it was also being observed that 
the moss did not go into the dormant stage or the color of the moss did not turn brown from 
green.  This could be because the soil at Copper II site is comparably more fertile and the 
hydrophilic polymers have held water very well in the soil.  During the summer months, there 
were very few rains and as all the experiments at the outdoor sites relied on natural precipitation, 
caused the moss propagation to remain constant.  It can be observed that all the box plots have 
approximately 20% of other plants growing in them.  The other plants were native and non-
native plants.  The primary reason why the other plants grew was because of the fertilizer 
Osmocote and the secondary reason was that the hydrophilic polymers allowed the water to 
retain in the soil thereby allowing other plants to grow.  
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5.3.2.2. Picture showing the progress of moss and other plant growth at 
Copper II site 
The yellow outline is the area where the polymer application and the planting of moss 
was done.  The red outline is just used for comparison; no experiment was done at this area.  The 
picture was taken one month after planting moss.  The yellow outline can be noticed to have 
more vegetation than compared to the red outline.  Initially, the yellow outline was smoother 
than compared to the red, as a flat and neater area was needed to conduct experiments at the site. 
The more vegetation inside the yellow outline includes moss, native, and non-native plants.  This 
vegetation is a result of the treatments applied in the yellow outline and the hydrophilic polymers 
retaining the water in the soil.  This retained water was supplied to the plant as the soil loses its 
moisture content.  Hence, allowing plants to grow with just natural precipitation.  
 
5.3.3. XRF Analysis of heavy metal contaminants in soil and moss 
collected from Copper II site 
Analysis for heavy metals was taken in the soil away from the moss, in soil under the 
moss and in moss.  The figures 106 to 120 illustrate a relation of heavy metal concentration in 
these three areas over time.  
From figures illustrating Molybdenum, Rubidium, Lead, Cobalt, Iron, and Manganese, it 
can be observed that the concentration of heavy metal contaminants in soil away from the moss 
fluctuated the most than compared to the concentrations in the soil under the moss and in moss. 
The heavy metal concentration in the soil away from the moss fluctuates over time because the 
metal contaminants are loosely suspended in the soil.  This makes it easy for the winds, surface 
water runoff due to rains to carry the heavy metal contaminants to various places and eventually 
into the aquifer.  
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In figure 106 illustrating Molybdenum, it can be observed that the metal contaminant in 
moss and soil under the moss remained constant in week three and week seven despite a decrease 
in concentration of the metal contaminant in the soil away from the moss.  In figure 109 
illustrating Rubidium, week three indicates that there was a decline in concentration of metal 
contaminant in soil away from the moss but the concentrations of metal contaminant in moss and 
in soil underneath the moss remained constant.  In the figure 110 illustrating Lead, week three 
and week seven show a decline in concentration of metal in soil away from the moss but the 
concentration of metal contaminant in moss and soil underneath the moss remained constant.  In 
figure 117 illustrating Cobalt, it can be observed that the metal contaminant in moss and soil 
under the moss remained constant in week five despite a decrease in concentration of the metal 
contaminant in the soil away from the moss.  In figure 118 illustrating Iron, week three indicates 
that there was a decline in concentration of metal in soil away from the moss but the 
concentration of metal contaminant in moss and soil underneath the moss remained constant.  In 
all the cases, it can be observed that if the concentration of metal contaminant in moss is constant 
then the soil underneath the moss is also constant.  
The concentration of heavy metals in moss usually did not fluctuate as much compared to 
the concentration in soil away from the moss.  This was because the heavy metal became 
adsorbed and/or absorbed on to the moss and formed a bond.  This bond was not very strong and 
factors such as heavy winds or rainfalls have a possibility to carry these contaminants to different 
places.  
In soil under the moss, the concentration of heavy metals did not fluctuate much and 
remained constant.  This was because firstly, the moss growing on top of the soil acts as a 
protective layer preventing the metal contaminants to transport to different places.  Secondly, the 
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moss growing on top secretes sugar into the soil allowing microorganism and bacterium to grow. 
These microorganism and bacteria cells bind with the soil particles and together attach with the 
heavy metal contaminant and form a bond.  As this bond is formed and protected under the layer 
of moss, the winds and the surface water runoff find it difficult to carry the heavy metal 
contaminants to various places.  
There are no errors bars on the graphs because multiple soil and moss samples were not 
analyzed for XRF results. Only single soil and moss samples were analyzed.  
 
5.3.3.1. Technique of metal sequestration by Microorganism 
Figure 121 illustrates the attachment of a bacteria or a microorganism cell with soil and 
metal.  The soil, which is represented as the clay particle is negatively charged, and the 
negatively charged bacterium cell together attaches with a divalent cation and form a bond 
through divalent cation bridging.  This bond is strong and can be challenging for surface water 
runoff and wind to transport the metal contaminants to various places.  
 
 
 
Figure 121: Attachment of a bacterial cell to a clay particle via cation bridging (Pepper et al., 
2000). 
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5.3.3.2. General mechanism of metal resistance 
The process of binding metals to extracellular materials immobilizes the metal and 
prevents it from entering the cell (Pepper et al. 2000).  Metal binding on the cell surfaces occurs 
with many cationic metals (Pepper et al. 2000).  The binding process of metals by microbial cells 
is a very important ecologically since it plays a crucial role in the distribution of metals in the 
environment.  There are several applications that are being implemented where the ability of 
cells to sorb metals has been developed to remove metals from various metal contaminant areas 
(Pepper et al. 2000).  The extracellular binding usually occurs on slime layers of the microbial 
cells, it is composed of carbohydrates, polysaccharides and consists of nuclei and fatty acids 
(Pepper et al. 2000).  By binding metals, the extracellular molecule can hence reduce metal 
bioavailability and metal toxicity in the environment (Pepper et al. 2000).  In the figure 122, 
there are two mechanisms how the cell is sorbing the metal; absorption and adsorption. Cd2+ is 
adsorbed as it is on or outside the cell wall and Pb2+ is absorbed as it is inside the cell wall.  
 
Figure 122: Microorganism uses a variety of techniques to resist and detoxify metal 
contaminants. These mechanisms may be intracellular (absorption) or extracellular 
(adsorption) (Pepper et al., 2000). 
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6. Conclusion and Recommendations  
In the culture chamber, moss fragments did not grow in experiment #1.  The soil used for 
this experiment was Badger mine site’s soil, because of the infertility of the soil, moss growth 
was not significant.  However, there was evidence of moss protonema in the soil.  After 30 days 
of planting moss, grass was observed to grow in all the trays that contained the polymer 
“natural”.  The polymer “natural” is made of grafted starch and it helped in supplying the soil 
with essential nutrients to support grass growth.  In experiment #2 however, the soil used was 
Copper II site’s soil.  The moss grew well and observed to be healthy.  The coverage of the moss 
wherever the hydrophilic polymer treatment was applied was 100%.  The only issue encountered 
with the exceptionally good water retention capacity of hydrophilic polymer treatments was the 
growth of fungus in the trays and this fungus acting as a pathogen and feeding on the moss to 
survive hence, reducing the moss coverage.  The height of the moss in treatments that did not 
consist the hydrophilic polymers was recorded to be approximately four mm taller than 
compared to the moss growing in the trays with the hydrophilic polymers, with treatment seven 
being an exception.  The lesser height of the moss in trays with the hydrophilic polymers was 
because, the trays that contained the hydrophilic polymers had fungal growth, and watering the 
trays were completely stopped as an attempt to get rid of the fungus.  The insufficient supply of 
water to the trays caused the moss height to remain constant.  The height of the moss in the trays 
without the polymers present indicates that, the height of the moss would be much taller if the 
water supplied to the trays with the polymers was slightly reduced.  The moss grew very well on 
the plugs; the height of the moss was maintained at 4.5 mm per month.  At the 91st day, the 
average height of the moss was observed to be approximately 15 mm.  The moss coverage on the 
plugs was very good as well.  There was an increase of 200% of moss coverage on the plugs. 
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After the 30th day the moss was growing on the plugs were very healthy.  These plugs can be 
transplanted to the field when the snow is gone, since the moss growing on the plugs is well 
established, healthy, and would spread easily.  This flexi-plug substrate has tremendous potential 
for moss propagation and transplantation and is better than any medium we have tested to date. 
Overall, the propagation of the moss in the culture chamber especially with the help of the 
hydrophilic polymers was significantly very good.  
 
In the greenhouse, two types of indoor soil were used for the experiments.  Experiments 
1-5 consisted of soil #1, and experiment #6 consisted of soil #2.  Soil #1 consisted of 
approximately 85% of pine bark.  This soil was advertised as an excellent growing medium for 
all plants; however, it was hypothesized that the pine bark inhibited growth, negatively affecting 
moss propagation.  This soil was also tested on other plants; it killed them as well.  Soil #2 did 
not contain pine bark, but the duration of the experiment was too short to show meaningful 
results, because the temperatures outside were at the freezing point, causing irregular water 
supply and eventually resulting in no water supply to the moss in the trays.  The moss growing in 
soil #2 did not change its color from green indicating that if the water supply was regular, then 
moss had a potential to grow.  Overall, the greenhouse experiment did not show significant 
results for moss propagation, but experimental issues likely contributed to this result.  For 
example, most of the experiments were conducted using soil #1 that contained 85% of pine bark.  
There was a very late start with the greenhouse experiments due to delayed construction of the 
structure.  During the summer, the greenhouse doors were rolled down and closed, and in 
conjunction with the poor soil, resulted in very high temperatures inside the greenhouse causing 
the moss fragments to turn brown in just three days.  The doors of the greenhouse were rolled up 
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for the later experiments, but the sunlight was directly exposed to all the trays at the greenhouse 
as the greenhouse faced in the east direction.  Moss grows well in shaded regions; such direct 
exposure to sunlight negatively contributed to moss growth.  Finally, fall 2017 had an early 
freeze and snowfall in Butte in September, and this resulted in freezing of the hose connected to 
the water outlet and caused irregular water supply and eventually no water supply to the moss.   
 
At the sites, there was not much propagation of moss.  Butte’s soil is naturally dry and as 
stated in the proposal, moss at the outdoor sites was to rely only on natural precipitation to study 
the moss propagation with the help of the treatments.  Despite low rainfall over the summer 2017 
months, the moss at the sites did not change its color to brown.  It did not significantly propagate 
but it was still alive and was producing sporophytes.  During the summer, not only did moss 
survive despite the low rainfall, but also the treatments at the site helped other native and non-
native vegetation to grow.  This is a good sign as the moss grew with the treatments applied and 
with just natural precipitation.  This observation indicates that the simple treatment application at 
the sites has potential and could allow natural vegetation to grow at the mine-waste contaminated 
areas.  
The heavy metal sequestration by moss was analyzed using the XRF hand held gun.  It 
can be observed that the concentration of heavy metal contaminants in soil away from the moss 
fluctuated the most than compared to the concentrations in the soil under the moss and in moss. 
The heavy metal concentration in the soil away from the moss fluctuates over time because the 
metal contaminants are loosely suspended in the soil.  This makes it easy for the winds, surface 
water runoff due to rains to carry the heavy metal contaminants to various places and eventually 
into the aquifer.  
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In figures 106, 109, 110, 117, and 118 illustrating Molybdenum, Rubidium, Lead, Cobalt 
and Iron, it can be observed that the metal contaminant in moss and soil under the moss remained 
constant despite a decrease in concentration of the metal contaminant in the soil away from the 
moss, this shows that moss has sequestered the metal contaminants and contained them.  While, 
the concentration of metal contaminant in the soil away from the moss decreased, showing that 
the metal contaminants were suspended in the soil and were being transported to various places.  
It can also be observed that if the concentration of metal contaminant in moss is constant then the 
soil underneath the moss is also constant.  
The concentration of heavy metals in moss usually did not fluctuate as much compared to 
the concentration in soil away from the moss.  This was because the heavy metal was adsorbed 
and/or absorbed on to the moss and formed a bond.  This bond is usually not very strong and 
factors such as heavy winds or rainfalls have a possibility to carry these contaminants to various 
places.  
In soil under the moss, the concentration of heavy metals did not fluctuate much and 
remained constant.  This was because firstly, the moss growing on top of the soil acts as a 
protective layer preventing the metal contaminants to transport to various places.  Secondly, the 
moss growing on top secretes sugar into the soil allowing microorganism and bacterium to grow. 
These microorganism and bacteria bind with the soil particles and together attach with the heavy 
metal contaminant and form a bond.  As this bond is formed and protected under the layer of 
moss, the winds and the surface water runoff find it difficult to carry the heavy metal 
contaminants to various places.  The purpose of this study is to demonstrate soil stabilization.  
The metal data demonstrates some concentration variations over time, and between moss and soil 
at each site in the field, but there does not appear to be a trend.  Previous experiments from Dr. 
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Mitman’s lab and other researchers did demonstrate that moss does have the ability to sequester 
metals.  However, field conditions have so many variables that a long term or controlled 
laboratory study would be necessary.  What is significant, is that the moss survives growing 
under a wide variation of heavy metal stress and stabilizes the soil where other plants may not 
survive.  Therefore, it can be concluded that moss had significantly contributed to help reduction 
of heavy metal contaminant spread by sequestering these heavy metal contaminants.  
6.1. Recommendations 
1. When using the hydrophilic polymer, it is advisable to mix the polymer with water and 
make a solution first and then apply the prepared solution to the soil.  Doing so would 
make a more even distribution of the polymer in the soil.  
2. After the polymer application, it is advisable to plant the moss by the fragment method by 
sprinkling the fragmented moss evenly on top of the soil and pressing them firmly on the 
soil.  As moss do not have any roots, it is essential that moss is firmly in contact with the 
soil for good grip with the soil.  
3. For the moss propagation at the greenhouse, it is not necessary to use an indoor soil. Any 
soil with reasonable fertility can contribute to moss propagation.  The soil that was used 
for our experiments was very bad. 
4. If using the clump method of moss for moss planting, it is advised to ensure that the 
clumps have sporophytes so that the propagation of moss through spores could not be 
accomplished.  
5. When watering the moss, water them by mist. As moss do not have any roots, they only 
draw water directly into their leaves.  Watering by mist is both efficient and helps moss 
draw more water and grow well. 
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6. When using the hydrophilic polymers, do not water the moss growing in the trays very 
regularly especially if the trays have the lids on.  This will result in water accumulation in 
the trays and fungal growth.  This eventually reduces moss coverage because the fungus 
acts as a pathogen and feeds on the moss to survive.  The water can be slightly regular for 
the first 30 days to ensure the soil with the planted moss is always moist, after the 30th 
day, water supply must only be once in few days.  
7. For a greenhouse that has no ventilation, it is advisable to construct it facing North and 
South directions with the doors rolled up.  Doing so will allow ventilation and provide 
shade for the moss and provide an opportunity for the moss to absorb water during the 
early morning time.  Sufficient ventilation for cooling by installing fans and use of shade 
cloth for no direct light exposure is also recommended.  In the winter, use a heater if a 
year-long experiment is required.  
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8. Appendix A: Outdoor site investigation after completion of thesis 
defense 
A site investigation was conducted at all the four sites (Copper I, Copper II, Ryan and 
Walkerville) on April 10, 2018.  It was observed that the moss planted at the sites overall, was 
healthy and was showing signs of propagation.  
8.1. Copper I 
The average percentage of coverage of moss at Copper I did not show significant increase 
but, the moss that was originally planted in May 2017 was looking very healthy and green.  
 
 
Figure 123: Copper I site layout with markings. Moss can be seen bright green in color. 
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Figure 124: Close-up view of Copper I site. Moss can be seen bright green in color. 
 
 
8.2. Copper II 
The average percentage of coverage of moss in Copper II did not show significant increase 
but, the moss that was originally planted in May 2017 was looking very healthy and green. 
The native and the non-native plant were observed to grow in the plots, especially in the 
plots that had the treatments.  Below figures are comparing the growth of native and non-
native vegetation in the plots with and without the treatments.  
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Figure 125: Plot #7 (All treatments). Moss looks healthy and other native and non-native vegetation are 
observed to grow. 
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Figure 126: Plot #9 (No treatment). Moss is slightly less green in color, compared to the plots with the 
treatments. No native and non-native vegetation is noticed to grow. 
169 
 
Figure 127: The yellow outline is the plot #7 (All treatments) and the red outlines are just outside the plot #7 
for comparison. No treatments or moss planting were done in the red outlines. Inside the yellow outline, it can 
be observed that the moss looks healthy and there is evidence of other native or non-native vegetation. 
  
 
8.3. Ryan 
At Ryan, the percentage of coverage of moss protonema was observed to increase.  The 
coverage of moss protonema was more than 80% of the plot.  Almost all the plots with the 
treatments have seen evidence of moss protonema.  Moss that was planted originally in 
May 2017 was looking very healthy and green.  
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Figure 128: Plot #6 (Hydrobond + Natural) is the left yellow outline and plot #7 (All treatments) is the right 
yellow outline. It can be seen that moss protonema is growing inside the yellow outlines. Comparing this with 
the area outside the yellow outlines, no moss or moss protonema are observed. 
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Figure 129: Close-up view of plot #7 (All treatments), showing the spread of moss protonema. 
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9. Appendix B: Growth Propagation Results  
9.1. Culture Chamber  
9.1.1. Experiment #1 
Table VIII: Average Moss Height (mm). 
  
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 1 0 0 0 
2 Fines 1 0 0 0 
3 Natural 1 1 0.5 0 
4 Hydrobond + Fines 1 0 0 0 
5 Fines + Natural 1 1 0.5 0 
6 Hydrobond +Natural 1 1 0.5 0 
7 Hydrobond + Fines + Natural 1 1 0.5 0 
8 Osmocote Only 1 1 0.5 0 
9 No Treatment 1 0 0 0 
 
Table IX: Average Grass Height (mm). 
 
 
    
S.No. Treatments Day 0 (mm) Day 30 (mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 0 0 0 0 
2 Fines 0 0 0 0 
3 Natural 0 3 15 40 
4 Hydrobond + Fines 0 0 0 0 
5 Fines + Natural 0 5 20 140 
6 Hydrobond +Natural 0 5 23 148 
7 Hydrobond + Fines + Natural 0 5 26 183 
8 Osmocote Only 0 0 0 0 
9 No Treatment 0 0 0 0 
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S.No. Treatments
Day 0 
(% Coverage of 
Moss)
Day 0 
(% Coverage 
of Moss 
protonema)
Day 30 
(% Coverage of 
Moss)
Day 30 
(% Coverage of 
Moss 
protonema)
Day 60 
(% Coverage 
of Moss)
Day 60 
(% Coverage of 
Moss 
protonema)
Day 90 
(% Coverage of 
Moss)
Day 90 
(% Coverage 
of Moss 
protonema)
1 Hydrobond 1.4 0 0 0 0 29.83 0 29.83
2 Fines 1.4 0 0 0 0 47.33 0 47.33
3 Natural 1.4 0 1.4 0 2 88.33 2 88.33
4 Hydrobond + Fines 1.4 0 0 0 0 74.33 0 74.33
5 Fines + Natural 1.4 0 1.5 0 2.33 71 2.33 71
6 Hydrobond +Natural 1.4 0 2.83 0 2 95 2 95
7 Hydrobond + Fines + Natural 1.4 0 2.5 0 0.66 88.3 0.66 88.3
8 Osmocote Only 1.4 0 2 0 0.33 74.33 0.33 74.33
9 No Treatment 1.4 0 0 0 0 0 0 0  
Table XI: Average Percent Coverage (%) of Grass. 
 
 
 
  
 
 
S.No. Treatments 
Day 0  
(% 
Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
 Day 90  
(% 
Coverage) 
1 Hydrobond 0 0 0  0 
2 Fines 0 0 0  0 
3 Natural 0 10.46 14.56  14.56 
4 Hydrobond + Fines 0 0 0  0 
5 Fines + Natural 0 8.63 10.53  10.53 
6 Hydrobond +Natural 0 12.12 14.16  14.16 
7 
Hydrobond + Fines + 
Natural 0 3.5 3.5 
 
3.5 
8 Osmocote Only 0 1.99 2.26  2.26 
9 No Treatment 0 0 0  0 
 
 
Table X: Average Percent Coverage of moss and moss protonema (%). 
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9.1.2. Experiment #2 
Table XII: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 1 3 4.5 4.5 
2 Fines 1 2 2.5 2.5 
3 Natural 1 1.5 2 2 
4 Hydrobond + Fines 1 1.5 2 2 
5 Fines + Natural 1 1.5 2 2 
6 Hydrobond +Natural 1 1.25 1.5 1.5 
7 Hydrobond + Fines + Natural 1 3 5 5 
8 Osmocote Only 1 2 3 3 
9 No Treatment 1 3.5 5 5 
10 Beijerinckia 1 3.5 6 6 
 
Table XIII: Average Percent Coverage (%). 
      
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 28 100 89 89 
2 Fines 28 100 78 78 
3 Natural 28 100 91.6 91.6 
4 Hydrobond + Fines 28 100 90.6 90.6 
5 Fines + Natural 28 100 77 77 
6 Hydrobond +Natural 28 100 78.66 78.66 
7 Hydrobond + Fines + Natural 28 100 97.66 97.66 
8 Osmocote Only 28 86 85 85 
9 No Treatment 28 72 72.5 72.5 
10 Beijerinckia 28 74 75 75 
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9.1.3. Experiment #3 
Table XIV: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 No Treatment 1 5 12 15 
            
 
Table XV: Average Percent Coverage (%). 
      
S.No. Treatments 
Day 0  
(% Coverage 
of an 
average 
Plug) 
Day 30  
(% 
Coverage of 
an average 
Plug) 
Day 60 
 (% Coverage 
of an average 
Plug) 
Day 90  
(% 
Coverage 
of an 
average 
Plug) 
1 No Treatment 25 25 75 75 
            
 
9.2. Greenhouse  
9.2.1. Experiment #1 
Table XVI: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 1 1 0 0 
2 Fines 1 1 0 0 
3 Natural 1 1 0 0 
4 Hydrobond + Fines 1 1 0 0 
5 Fines + Natural 1 1 0 0 
6 Hydrobond +Natural 1 1 0 0 
7 Hydrobond + Fines + Natural 1 1 0 0 
8 Osmocote Only 1 1 0 0 
9 No Treatment 1 1 0 0 
10 Beijerinckia 1 1 0 0 
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Table XVII: Average Percent Coverage (%). 
      
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 26 25 0 0 
2 Fines 26 25 0 0 
3 Natural 26 25 0 0 
4 Hydrobond + Fines 26 25 0 0 
5 Fines + Natural 26 25 0 0 
6 Hydrobond +Natural 26 25 0 0 
7 Hydrobond + Fines + Natural 26 25 0 0 
8 Osmocote Only 26 25 0 0 
9 No Treatment 26 25 0 0 
10 Beijerinckia 26 25 0 0 
 
9.2.2. Experiment #2 
Table XVIII: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 3 4 4 4 
2 Fines 3 4 4 4 
3 Natural 3 4 4 4 
4 Hydrobond + Fines 3 4 4 4 
5 Fines + Natural 3 4 4 4 
6 Hydrobond +Natural 3 4 4 4 
7 Hydrobond + Fines + Natural 3 4 4 4 
8 Osmocote Only 3 4 4 4 
9 No Treatment 3 4 4 4 
10 Beijerinckia 3 4 4 4 
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Table XIX: Average Percent Coverage (%). 
      
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 42 42 42 42 
2 Fines 42 42 42 42 
3 Natural 43 45 45 45 
4 Hydrobond + Fines 41 44 44 44 
5 Fines + Natural 42 44 44 44 
6 Hydrobond +Natural 42 44 44 44 
7 Hydrobond + Fines + Natural 42 42 42 42 
8 Osmocote Only 45 45 45 45 
9 No Treatment 45 45 45 45 
10 Beijerinckia 43 43 43 43 
 
9.2.3. Experiment #3 
Table XX: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 3 4 4 4 
2 Fines 3 4 4 4 
3 Natural 3 4 4 4 
4 Hydrobond + Fines 3 4 4 4 
5 Fines + Natural 3 4 4 4 
6 Hydrobond +Natural 3 4 4 4 
7 Hydrobond + Fines + Natural 3 4 4 4 
8 Osmocote Only 3 4 4 4 
9 No Treatment 3 4 4 4 
10 Beijerinckia 3 4 4 4 
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Table XXI: Average Percent Coverage (%). 
      
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 42 42 42 42 
2 Fines 42 42 42 42 
3 Natural 43 45 45 45 
4 Hydrobond + Fines 41 44 44 44 
5 Fines + Natural 42 44 44 44 
6 Hydrobond +Natural 42 44 44 44 
7 Hydrobond + Fines + Natural 42 42 42 42 
8 Osmocote Only 45 45 45 45 
9 No Treatment 45 45 45 45 
10 Beijerinckia 43 43 43 43 
 
9.2.4. Experiment #4 
Table XXII: Average Height (mm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 1 1 0 0 
2 Fines 1 1 0 0 
3 Natural 1 1 0 0 
4 Hydrobond + Fines 1 1 0 0 
5 Fines + Natural 1 1 0 0 
6 Hydrobond +Natural 1 1 0 0 
7 Hydrobond + Fines + Natural 1 1 0 0 
8 Osmocote Only 1 1 0 0 
9 No Treatment 1 1 0 0 
10 Beijerinckia 1 1 0 0 
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Table XXIII: Average Percent Coverage (%). 
 
     
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 18 18 0 0 
2 Fines 18 18 0 0 
3 Natural 20 20 0 0 
4 Hydrobond + Fines 21 21 0 0 
5 Fines + Natural 21 21 0 0 
6 Hydrobond +Natural 21 21 0 0 
7 Hydrobond + Fines + Natural 20 20 0 0 
8 Osmocote Only 20 20 0 0 
9 No Treatment 21 21 0 0 
10 Beijerinckia 20 20 0 0 
 
9.2.5. Experiment #5 
Table XXIV: Average Height (cm). 
    
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) 
1 H2Pro Tray #1 1 0 
2 H2Pro Tray #2 1 0 
3 H2Pro Tray #3 1 0 
 
Table XXV: Average Percent Coverage (%). 
    
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
1 H2Pro Tray #1  25 0 
2 H2Pro Tray #2 25 0 
3 H2Pro Tray #3 25 0 
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9.2.6. Experiment #6 
Table XXVI: Average Height (cm). 
      
S.No. Treatments Day 0 (mm) 
Day 30 
(mm) Day 60 (mm) 
Day 90 
(mm) 
1 Hydrobond 1 1 2 2 
2 Fines 1 1 2 2 
3 Natural 1 1 2 2 
4 Hydrobond + Fines 1 1 2 2 
5 Fines + Natural 1 1 2 2 
6 Hydrobond +Natural 1 1 2 2 
7 Hydrobond + Fines + Natural 1 1 2 2 
8 Osmocote Only 1 1 2 2 
9 No Treatment 1 1 2 2 
10 Beijerinckia 1 1 2 2 
 
Table XXVII: Average Percent Coverage (%). 
      
S.No. Treatments Day 0  (% Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 25 25 25 25 
2 Fines 25 25 25 25 
3 Natural 25 25 25 25 
4 Hydrobond + Fines 25 25 25 25 
5 Fines + Natural 25 25 25 25 
6 Hydrobond +Natural 25 25 25 25 
7 Hydrobond + Fines + Natural 25 25 25 25 
8 Osmocote Only 25 25 25 25 
9 No Treatment 25 25 25 25 
10 Beijerinckia 25 25 25 25 
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9.3. Outdoor Site Location 
9.3.1. Copper I 
Table XXVIII: Average Height of Moss (mm). 
      
S.No. Treatments 
Day 0 
(mm) 
Day 30 
(mm) 
Day 60 
(mm) 
Day 90 
(mm) 
1 Hydrobond 2 2 2 2 
2 Fines 2 2 2 2 
3 Natural 2 2 2 2 
4 Hydrobond + Fines 2 2 2 2 
5 Fines + Natural 2 2 2 2 
6 Hydrobond +Natural 2 2 2 2 
7 Hydrobond + Fines + Natural 2 2 2 2 
8 Osmocote Only 2 2 2 2 
9 No Treatment 2 2 2 2 
10 Beijerinckia 2 2 2 2 
 
Table XXIX: Average Percent Coverage of Moss (%). 
      
S.No. Treatments 
Day 0  
(% 
Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% 
Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 10.15 10.15 10.15 10.15 
2 Fines 11 11 11 11 
3 Natural 11 11 11 11 
4 Hydrobond + Fines 10.5 10.5 10.5 10.5 
5 Fines + Natural 10 10 10 10 
6 Hydrobond +Natural 11 11 11 11 
7 Hydrobond + Fines + Natural 11 11 11 11 
8 Osmocote Only 10 10 10 10 
9 No Treatment 10 10 10 10 
10 Beijerinckia 10.5 10.5 10.5 10.5 
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9.3.2. Copper II 
Table XXX: Average Height of Moss (mm). 
      
S.No. Treatments 
Day 0 
(mm) 
Day 30 
(mm) 
Day 60 
(mm) 
Day 90 
(mm) 
1 Hydrobond 1 1 1 1 
2 Fines 1 1 1 1 
3 Natural 1 1 1 1 
4 Hydrobond + Fines 1 1 1 1 
5 Fines + Natural 1 1 1 1 
6 Hydrobond +Natural 1 1 1 1 
7 Hydrobond + Fines + Natural 1 1 1 1 
8 Osmocote Only 1 1 1 1 
9 No Treatment 1 1 1 1 
10 Beijerinckia 1 1 1 1 
 
Table XXXI: Average Percent Coverage of Moss (%). 
      
S.No. Treatments 
Day 0  
(% 
Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% 
Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 15 15 15 15 
2 Fines 15 15 15 15 
3 Natural 15 15 15 15 
4 Hydrobond + Fines 15 15 15 15 
5 Fines + Natural 15 15 15 15 
6 Hydrobond +Natural 15 15 15 15 
7 Hydrobond + Fines + Natural 15 15 15 15 
8 Osmocote Only 15 15 15 15 
9 No Treatment 15 15 15 15 
10 Beijerinckia 15 15 15 15 
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9.3.3. Ryan 
Table XXXII: Average Height of Moss (mm). 
      
S.No. Treatments 
Day 0 
(mm) 
Day 30 
(mm) 
Day 60 
(mm) 
Day 90 
(mm) 
1 Hydrobond 2 2 2 2 
2 Fines 2 2 2 2 
3 Natural 2 2 2 2 
4 Hydrobond + Fines 2 2 2 2 
5 Fines + Natural 2 2 2 2 
6 Hydrobond +Natural 2 2 2 2 
7 Hydrobond + Fines + Natural 2 2 2 2 
8 Osmocote Only 2 2 2 2 
9 No Treatment 2 2 2 2 
10 Beijerinckia 2 2 2 2 
 
Table XXXIII: Average Percent Coverage of Moss (%). 
      
S.No. Treatments 
Day 0  
(% 
Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% 
Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 15 15 15 15 
2 Fines 15 15 15 15 
3 Natural 15 15 15 15 
4 Hydrobond + Fines 15 15 15 15 
5 Fines + Natural 15 15 15 15 
6 Hydrobond +Natural 15 15 15 15 
7 Hydrobond + Fines + Natural 15 15 15 15 
8 Osmocote Only 15 15 15 15 
9 No Treatment 15 15 15 15 
10 Beijerinckia 15 15 15 15 
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9.3.4. Walkerville 
Table XXXIV: Average Height of Moss (mm). 
  
    
S.No. Treatments 
Day 0 
(mm) 
Day 30 
(mm) 
Day 60 
(mm) 
Day 90 
(mm) 
1 Hydrobond 2 2 2 2 
2 Fines 2 2 2 2 
3 Natural 2 2 2 2 
4 Hydrobond + Fines 2 2 2 2 
5 Fines + Natural 2 2 2 2 
6 Hydrobond +Natural 2 2 2 2 
7 Hydrobond + Fines + Natural 2 2 2 2 
8 Osmocote Only 2 2 2 2 
9 No Treatment 2 2 2 2 
10 Beijerinckia 2 2 2 2 
 
Table XXXV: Average Percent Coverage of Moss (%). 
      
S.No. Treatments 
Day 0  
(% 
Coverage) 
Day 30  
(% 
Coverage) 
Day 60 
 (% 
Coverage) 
Day 90  
(% 
Coverage) 
1 Hydrobond 12 12 12 12 
2 Fines 12 12 12 12 
3 Natural 12 12 12 12 
4 Hydrobond + Fines 12 12 12 12 
5 Fines + Natural 12 12 12 12 
6 Hydrobond +Natural 12 12 12 12 
7 Hydrobond + Fines + Natural 12 12 12 12 
8 Osmocote Only 12 12 12 12 
9 No Treatment 12 12 12 12 
10 Beijerinckia 12 12 12 12 
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10. Appendix C: Digestion and Analysis of heavy metal 
contaminants in soils and moss (LEA) 
 
Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 
Copper I - Soil 3625.26 4812.42 8384.78 9197.37 8.93 10.78 1522.22 1613.33 18243.62 18063.80 7.01 6.05
Copper I - Moss 3426.98 4457.29 6423.73 7225.23 12.79 60.56 1927.12 1364.48 14896.68 18193.03 8.73 35.09
Copper II - Soil 7394.62 10353.95 11160.33 11734.47 11.96 12.35 616.59 562.07 25593.90 25215.73 12.57 12.71
Copper II - Moss 5639.19 8112.99 8685.26 9623.69 16.35 34.97 447.90 436.42 19741.15 19023.56 11.23 23.22
Ryan - Soil 6302.33 10853.25 9834.81 11138.86 10.90 9.58 3186.60 1842.20 28081.24 25990.68 9.34 11.02
Ryan - Moss 5492.51 7665.00 7977.83 7500.00 13.25 12.42 2273.22 1665.00 17107.90 17700.00 10.01 7.77
Walkerville - Soil 3359.92 6991.50 7246.94 10942.60 8.30 11.49 3256.06 4357.43 25222.79 29283.02 6.13 7.40
Walkerville - Moss 2444.50 3298.07 5272.25 3854.71 18.02 24.91 1431.31 2129.13 7816.56 7778.99 7.84 9.78
Sample ID Magnesium (ppm) Aluminium (ppm) Chromium (ppm) Manganese (ppm) Iron (ppm) Nickle (ppm)
 
Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 Day-0 Day-184 
Copper I - Soil 98.30 94.04 876.12 878.37 107.66 110.59 2.66 2.40 228.42 210.97
Copper I - Moss 139.84 127.87 1054.70 1092.88 97.54 135.15 4.17 3.29 250.18 254.70
Copper II - Soil 32.73 33.67 223.31 72.83 3.78 10.48 0.21 0.19 10.63 15.78
Copper II - Moss 30.49 25.04 217.67 53.85 3.06 2.60 0.20 0.15 8.51 10.64
Ryan - Soil 109.72 82.11 883.69 674.04 102.20 12.40 2.80 2.50 690.34 344.16
Ryan - Moss 87.71 54.75 497.58 384.00 8.23 8.99 2.02 1.24 142.89 334.50
Walkerville - Soil 134.86 134.23 1523.91 2073.63 55.67 50.02 6.77 6.21 1435.37 1029.81
Walkerville - Moss 152.71 119.68 823.17 569.16 10.56 16.28 3.52 2.28 229.44 214.30
Sample ID Lead (ppm)Copper (ppm) Zinc (ppm) Arsenic (ppm) Cadmium (ppm)
 
 
Table XXXVI: Digestion and Analysis of heavy metal contaminants in soils and moss. 
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Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-)
Soil Away from Moss -2.3 3.2 -3.4 2.7 2.9 4.3 -0.8 2.9
Soil Under Moss 6.2 2.7 5.6 3.8 0.3 4.1 1.1 3.7
In Moss 1.2 3.3 0.1 3.2 1 2.8 0.7 3.1
Soil Away from Moss 214.3 16.6 144 14.2 410.9 22.5 129.3 14.4
Soil Under Moss 201.2 14.5 162.8 16.3 360.1 21.6 327.1 19.3
In Moss 198.2 11.3 177 15.7 113.7 12 273 15.7
Soil Away from Moss 307.6 14.9 347.4 15.1 313.1 16 379.5 16.3
Soil Under Moss 200.2 12.3 212.8 14.1 278.6 15.4 296.3 14.6
In Moss 236.2 11.3 245.9 15.7 157.4 10.5 199.8 11
Soil Away from Moss 104.1 9.3 94.4 8.5 110.3 10.1 111.8 9.5
Soil Under Moss 98.2 8.5 68.9 8.7 92.7 9.6 97 9
In Moss 111.2 7.4 111.2 9.5 48 6.4 59.2 6.5
Soil Away from Moss 265.8 28.3 256.1 26.4 228.7 28.2 158.4 22.6
Soil Under Moss 386.8 30.2 387.2 37.4 367.7 35.3 311.7 30.3
In Moss 315.6 27.6 318.9 30.3 206.4 24.2 266.1 25.3
Soil Away from Moss 8.7 8.1 -4.3 6.4 -2.4 7.6 6.7 7.5
Soil Under Moss 2.6 7.1 -1.9 7.9 5.5 8.9 6 7.8
In Moss 2.2 6.3 -0.2 7.3 4.1 6.8 2.7 6.5
Soil Away from Moss 141.2 24.4 100.3 21.8 127.3 24.4 69.8 18.7
Soil Under Moss 158.6 32.3 163.7 31.5 290.5 33 125 25.1
In Moss 140.2 21.3 142.3 25.6 127.9 21.5 120 21.4
Soil Away from Moss 9.5 10.3 8.9 10.1 11.5 11.3 7.8 9.7
Soil Under Moss 15.2 9.6 15.2 12.3 18.1 12.1 3.7 10.1
In Moss 8 8.7 8 10.1 0.1 9.5 12.3 9.5
Soil Away from Moss 902 100 930 100 946.3 100 1000 100
Soil Under Moss 2400 110 956 100 1200 100 1400 100
In Moss 1400 86.5 896.9 59.2 1560.4 100 1630 100
Soil Away from Moss 213.3 49.2 411 54.9 48.4 48.4 145.3 44.7
Soil Under Moss 243.6 56.3 382.4 63.1 243.3 55.5 319.8 53.7
In Moss 195.6 63.7 276.2 47.3 191 47 231.1 44.8
Soil Away from Moss 6.7 63.6 5.3 54.2 8.2 68.2 7.8 55.4
Soil Under Moss 0.3 66.3 0.3 63.9 1.1 68.1 4.3 60.4
In Moss 10.4 56.4 11.5 56.3 9.1 52.8 9.5 51.5
Soil Away from Moss 61.4 170.4 15.5 139.8 213.1 213.1 -14.8 148.7
Soil Under Moss 119.1 168.3 119.1 181.5 -71.1 198.7 142.2 170
In Moss 5.5 156.4 5.5 158.1 94.7 129.7 113.7 123.3
Soil Away from Moss 25700 500 18900 400 35800 700 20400 500
Soil Under Moss 22000 4.. 22000 600 31000 600 25100 500
In Moss 22500 500 22600 500 21500 400 22500 400
Soil Away from Moss 3400 300 2800 300 1900 300 1400 200
Soil Under Moss 5600 400 5900 400 2100 300 2100 300
In Moss 2700 300 2900 300 2300 300 2500 200
Soil Away from Moss 5.5 183.8 7.8 153 4.9 198.4 10.7 148.3
Soil Under Moss 5.6 145.6 5.5 215.6 6.8 177.2 8.6 149
In Moss 8.8 156.8 12.9 167.4 7.8 157.6 12.7 139.6
Iron (Fe)
Manganese (Mn)
Chromium (Cr)
Mercury (Hg)
Zinc (Zn)
Copper (Cu)
Cobalt (Co)
Week 7Week 5Week 1 Week 3
Nickel (Ni)
Strontium (Sr)
Rubidium (Rb)
METAL Sample/Location
Lead (Pb)
Selenium (Se)
Arsenic (As)
Molybdenum (Mo)
Zirconium (Zr)
11. Appendix D: XRF Results  
11.1. Copper I 
 
 
 
Table XXXVII: XRF Analysis of soil away from moss, soil under moss and in moss. 
187 
Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-)
Soil Away from Moss -2.2 3.1 -4 2.7 1.4 3.5 -3.7 3.6
Soil Under Moss 0.1 2.7 0.1 4.5 0.7 4.1 0.8 3.8
In Moss 0.7 2.6 0.9 5.7 2.9 3.7 2.2 3.5
Soil Away from Moss 183.5 16.1 121.2 14.1 198.9 16.9 279.5 20
Soil Under Moss 554.3 14.3 554.5 25.6 391 21.9 333.3 20.5
In Moss 336.2 15.6 343.1 30.1 243.4 18.2 271.1 17.6
Soil Away from Moss 327.6 15.6 329.8 15.5 333 16 364 17.4
Soil Under Moss 402.6 17.8 408.8 17.6 363.3 16.8 390.6 17.2
In Moss 334.3 16.2 337.8 23.6 276.7 15.1 322.2 14.8
Soil Away from Moss 125.8 10.2 86.6 8.6 110.8 9.8 134.4 11.2
Soil Under Moss 115.6 11.3 115.9 10.2 119.5 10.3 104.7 9.6
In Moss 108.2 12.6 110 14.4 103.2 8.4 105.6 9
Soil Away from Moss 24.2 13.5 8.8 11.6 25.1 13.7 12.3 13.5
Soil Under Moss 9 12.9 8 14.1 9 12.9 11 13.1
In Moss 19.6 19.8 22.6 20.3 20 12.9 20.8 12.6
Soil Away from Moss 1.3 6.8 0.6 6.7 1.2 6.5 2.6 7.1
Soil Under Moss 2.4 6.2 5.9 7.8 2.3 7.5 4.5 7.8
In Moss 2.2 5.6 1.9 10.6 -0.5 6.6 4.2 7
Soil Away from Moss 2.5 9.6 1.5 8.3 -0.3 9.6 5.5 9.9
Soil Under Moss 8.4 11.6 7.2 10.4 7.6 9.6 6.6 9.6
In Moss 5.8 17.8 5.4 14.9 5.6 8.9 5.2 8.9
Soil Away from Moss 9.1 9.3 6.5 9.1 10.6 9.6 7.5 10.2
Soil Under Moss 2.2 6.2 2.2 9.6 15.9 10.3 17.9 10.3
In Moss 8.6 8.7 12.2 14.6 -2.2 8.7 12.1 9
Soil Away from Moss 54.5 30 41.9 28.9 32.8 29.8 82.4 34.5
Soil Under Moss 58.6 28.9 60.6 33 119.4 35.4 38.1 30.7
In Moss 67.2 34.6 69.2 47.8 97.9 32.9 56.2 28.5
Soil Away from Moss 211 39.1 195 39.4 186.3 40.5 192.6 42.6
Soil Under Moss 226.2 53.6 208.5 46.7 209.7 44.8 274.5 43.4
In Moss 203 64.5 292.6 65.3 213.6 39.2 286.5 38.2
Soil Away from Moss 77.4 60.6 47.6 57.1 27.6 62.1 3.3 65.6
Soil Under Moss 86.4 58.1 201.4 76.7 86.3 69.3 29.1 62.4
In Moss 2.3 86.9 -4.3 93.4 49.2 60.8 -21 52.7
Soil Away from Moss -188 170 97.2 147.6 -52.4 189.4 106.5 198.3
Soil Under Moss 64.3 186.9 67.8 210.6 69.1 203.9 58.6 185
In Moss 2.3 193.6 8.1 291.8 134.8 165.7 155.6 154.2
Soil Away from Moss 26600 500 18500 500 30800 600 25600 600
Soil Under Moss 32000 600 36300 700 34600 600 29300 600
In Moss 21500 700 33300 900 25600 500 26000 500
Soil Away from Moss 651 252.6 558 200 835.8 267 661 280.3
Soil Under Moss 756 286.1 896 290.8 663.2 300 684.3 300
In Moss 456 300 400 400 509 242.1 456 214.9
Soil Away from Moss 15.2 152.7 11.8 153 12.8 160 16.9 167.8
Soil Under Moss 18.5 176.9 18.4 185.1 19.2 180 16 153.1
In Moss 22.6 221.9 24.5 251.2 23 137.8 22.1 137.2
Strontium (Sr)
METAL Sample/Location
Week 1 Week 5 Week 7
Molybdenum (Mo)
Zirconium (Zr)
Week 3
Chromium (Cr)
Rubidium (Rb)
Lead (Pb)
Selenium (Se)
Arsenic (As)
Mercury (Hg)
Zinc (Zn)
Copper (Cu)
Nickel (Ni)
Cobalt (Co)
Iron (Fe)
Manganese (Mn)
11.2. Copper II 
 
  
Table XXXVIII: XRF Analysis of soil away from moss, soil under moss and in moss. 
188 
Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-)
Soil Away from Moss -1 2.8 -1.1 3.1 2.2 3.2 0.9 3.5
Soil Under Moss 0.6 2.9 2 2.9 2.1 3.7 2.8 3.8
In Moss 2.6 3.6 4 3.6 2.8 2.4 4.1 3.6
Soil Away from Moss 225.1 14 174.9 16.2 151.2 14.2 197.2 17.3
Soil Under Moss 216 15.6 226.4 15.8 224.1 18.1 282.7 19.4
In Moss 95 14.8 192.1 16.2 100.5 9.9 241.1 16.9
Soil Away from Moss 249.6 11.4 420.9 17.3 205.3 12.4 344.6 16.6
Soil Under Moss 365 12.6 378.2 14.9 355.8 16.9 397.6 17.4
In Moss 219 13.6 226.3 13.5 172.2 9.4 261.6 13.7
Soil Away from Moss 142.7 9.1 90.5 8.7 133.5 10.5 138 11.1
Soil Under Moss 136 8.5 144 9.8 135.4 11.1 150.3 11.3
In Moss 88.3 7.8 85.3 8.9 93.6 5.5 100.2 9
Soil Away from Moss 571 30.9 61.4 16.5 1000 100 400.5 35.7
Soil Under Moss 236.4 24.8 243.2 24.9 853 22.2 836 25.9
In Moss 271.3 21.2 299.6 31.1 956 14.1 936.3 28.3
Soil Away from Moss 2.3 6.4 0.9 6.8 0 8.2 11 7.8
Soil Under Moss 0.6 6.8 1.2 6.7 1.9 7.8 9.6 8.3
In Moss 1.1 6.5 2.4 7.4 0.4 5 5.1 7.4
Soil Away from Moss 86.3 22.6 87.3 12.3 91.5 39.4 21.3 26
Soil Under Moss 78.2 18.8 76.5 17.7 86.3 16.3 83.2 19
In Moss 23.6 21.2 9.2 23.4 93.6 10.5 91.6 20.8
Soil Away from Moss 7.2 8.4 6.9 9.3 4.9 10.9 10.9 10.7
Soil Under Moss 11 8.3 11.1 9.1 8.9 10.4 10.2 10.2
In Moss 3 7.8 3.1 9.8 8.2 7.2 4.8 9.4
Soil Away from Moss 714.2 46.1 260 38.9 1100 100 504.3 51.2
Soil Under Moss 336.3 46.5 463.7 42.9 956 45 869.7 46.2
In Moss 467.2 51.2 644.3 55.1 990 32.3 976 53.1
Soil Away from Moss 134.6 37.6 72.9 40.7 202.4 49.4 133.7 47.5
Soil Under Moss 10.23 40.3 118.7 40.7 120.5 47.7 92.9 44.6
In Moss 95.4 42.6 111.6 45.9 92.7 32.2 162.6 45.3
Soil Away from Moss 23.1 48.1 35.6 54.7 34.2 58.7 -17.1 63.2
Soil Under Moss 47.5 44.9 78.5 58 84.5 72.4 87.3 64.4
In Moss 15 42.4 34.4 64.2 28.1 39.5 32.3 55.8
Soil Away from Moss -32.8 134.7 -129.8 144.8 17.5 155.9 54.7 198.3
Soil Under Moss 93.2 156.6 94.6 160.2 189.5 214.4 220 183.5
In Moss 156 182.5 266.1 182.8 157.2 83.1 374.5 164.7
Soil Away from Moss 26900 400 24000 500 21200 500 31800 600
Soil Under Moss 27600 500 27600 500 36300 700 28300 600
In Moss 16500 600 19500 600 25000 200 22200 500
Soil Away from Moss 2200 200 1300 200 4300 300 2100 300
Soil Under Moss 1700 300 1700 300 2100 300 2300 300
In Moss 1750 200 1900 300 2100 135.2 2300 200
Soil Away from Moss 32 142.2 53.8 142 70.9 176 79.8 179.3
Soil Under Moss 46 152.6 133.2 150.6 58.8 184.5 98 174.1
In Moss 36.5 161.5 32.5 161.6 -21.4 83.1 138.4 153
Strontium (Sr)
METAL Sample/Location
Week 1 Week 5 Week 7
Molybdenum (Mo)
Zirconium (Zr)
Week 3
Chromium (Cr)
Rubidium (Rb)
Lead (Pb)
Selenium (Se)
Arsenic (As)
Mercury (Hg)
Zinc (Zn)
Copper (Cu)
Nickel (Ni)
Cobalt (Co)
Iron (Fe)
Manganese (Mn)
11.3. Ryan  
 
 
Table XXXIX: XRF Analysis of soil away from moss, soil under moss and in moss. 
189 
Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-) Concentration (ppm) (+) / (-)
Soil Away from Moss -0.7 3.6 6.1 4 2.9 3.4 2.1 3.6
Soil Under Moss 2.3 3.4 4.5 3.6 4.3 3.3 4.7 3.3
In Moss 2.6 3.2 9.3 3.1 5.7 3 6.4 2.6
Soil Away from Moss 220 18 285.5 18.5 145.4 14.3 228.4 17.2
Soil Under Moss 176 16 183.3 15.9 172.9 16.2 164.9 14.4
In Moss 96 14.2 104.1 11.1 129.6 12.2 67.9 9.1
Soil Away from Moss 276.2 15.4 211.7 12.9 177.8 12 231.4 13.6
Soil Under Moss 212 14.6 228.6 13.6 317.5 15.7 302 13
In Moss 156 12.4 161.2 10.1 217.2 11.5 236 9.6
Soil Away from Moss 146.5 11.9 143.3 11.2 143.6 11.2 148.2 11.4
Soil Under Moss 115.3 10.6 115.3 10.2 140.5 11.1 136.2 9.6
In Moss 51.2 11.3 52.6 6.3 73.1 7.2 96.2 5.5
Soil Away from Moss 1400 100 1200 100 1200 100 893.7 51.2
Soil Under Moss 363 37.6 400.6 35.4 392.3 34.9 438.9 34.4
In Moss 236 36.5 245.5 24.8 190.6 22.1 113.3 16.7
Soil Away from Moss 0.3 9.8 0.4 8.7 0.6 8.5 0.3 8.9
Soil Under Moss 0.2 7.5 0.3 7.6 0.9 7.7 0.6 6.2
In Moss 0.45 6.2 0.6 5.9 0.8 6.5 0.6 5.1
Soil Away from Moss 43.2 47.9 65.4 42.7 76.4 42.6 64 37.6
Soil Under Moss 45 19.6 45 26.5 35.6 25.8 43 24.8
In Moss 9.8 15.5 -3.6 17.5 10 16.7 12 12.3
Soil Away from Moss 15.1 12.8 1.3 11.5 17.8 12.3 8.6 11.4
Soil Under Moss 25 11.6 26.7 11.7 3 10.3 5.3 9.6
In Moss 3.6 9.3 4.6 8.3 4.8 8.2 7.3 7.6
Soil Away from Moss 1400 100 1900 100 2200 100 1400 100
Soil Under Moss 1300 100 1400 100 1822 100 1788 100
In Moss 853 46.6 870.6 54 1300 45.5 1456 44
Soil Away from Moss 112.1 50.4 198.6 51.7 124 49.1 159.8 49.9
Soil Under Moss 205 51.2 205.2 51.6 273.2 54 265 47.3
In Moss 198.6 53.6 232.6 43.8 204.3 41.9 203 36.8
Soil Away from Moss 12 67.6 6.1 61.8 46 66.8 52.4 67.2
Soil Under Moss 39 56.6 39 64.4 46 62.1 51 56.4
In Moss 9 63.6 24 47.1 31 47.1 28.2 39.8
Soil Away from Moss 4 186 6 175.6 3.8 175 2.9 187.5
Soil Under Moss 2.6 178.3 3.6 173.7 4.8 165.3 5.9 146.3
In Moss 1.2 112.3 4.6 113.2 6.3 101.9 6.5 75.9
Soil Away from Moss 27200 600 25700 600 27000 600 30800 600
Soil Under Moss 23500 400 24400 600 22400 500 22500 500
In Moss 8500 600 12900 400 9600 300 11000 200
Soil Away from Moss 3400 300 5800 400 5600 400 3800 400
Soil Under Moss 4750 700 4900 700 4600 400 3700 300
In Moss 2500 400 1700 400 1200 200 1400 200
Soil Away from Moss 12 210.9 22.1 216.2 23 208.2 24.4 186.4
Soil Under Moss 12.6 320.5 7.4 320.5 -3.9 179.4 13.4 145.1
In Moss 16.3 176.4 9.3 166.2 8.6 97.6 7.3 92.7
Strontium (Sr)
METAL Sample/Location
Week 1 Week 5 Week 7
Molybdenum (Mo)
Zirconium (Zr)
Week 3
Chromium (Cr)
Rubidium (Rb)
Lead (Pb)
Selenium (Se)
Arsenic (As)
Mercury (Hg)
Zinc (Zn)
Copper (Cu)
Nickel (Ni)
Cobalt (Co)
Iron (Fe)
Manganese (Mn)
11.4. Walkerville  
 
 
 
Table XL: XRF Analysis of soil away from moss, soil under moss and in moss. 

